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SECTION 1. SUMMARY Vo r %

The AC-4 Atlas-Centaur launch vehicle (Atlas 146D, Centaur 4C), in-
cluding a Surveyor Mass Model of 2100 pounds, was successfully launched from
ETR Complex 36A at 0925:02 EST on December 11, 1964. The primary test
objectives of the AC-4 flight were satisfied.

The AC-4 launch vehicle was launched on an azimuth of 105 degrees
East of true North and was programmed to a flight azimuth of 102.5 degrees
East of true North. The first burn of Centaur main engines injected the
Centaﬁ;-40 and the Surveyor Mass Model into a near perfect 90 NM circular
orbit (94.92 NM apogee altitude, 88.20 NM perigee altitude). First look
at data indicates a near nominal flight path indicating that the closed-
loop guidance system functioned properly. This was the initial attempt to
employ such & guidance system.

The AC-4 launch vehicle was the first in the Centaur series with re-
start capabilities. Centaur main engine restart (secondary objective) was
programmed to take pléce aftur an approximate 15 minubtd coast period in the
nominal 90 NM circular orbit; however, restart of the main engines did not
occur due to tumbling of the Centaur; tumbling started at about MECO + ;.50
minutes. Although second burn was not achieved, the guidance system con-
tinued to function properly to the end of the programmed flight. An attempt
to recover the nose fairing was made but neither the nose fairing nor in-
sulation panels were recovered.

..... The launch day countdown commenced at 3 A.M. EST on December 11 and
proceeded normally until T-90 minutes. During the 1 hour built-in hold at

T-90 minutes, a regulator problem developed in the launcher stabilization



system and a 1/4 second power drop-out was observed to the vehicle. The
1 hour hold was extended for 35 minutes at which time the count was picked
up and proceeded normally to lift-off. The 10 minute built-in hold at

T-5 minutes was not used. . / :

/’//c . V!




SECTION 2. INTRODUCTION

The AC-4 Centaur successfully launched into a near Earth orbit

Dec. 11, 1964 from the Eastern Test Range, was the fourth in a series of

development flights. Ultimately the Atlas-Centaur vehicle is to be used to

place a Surveyer payload on the Moon. The subject test was the first in

which a mock payload of 2100 pounds was carried aboard the vehicle. Objec-

tives of the flight are enumerated below.

Primary Test Objectives

. Demonstrate the structural integrity of the Atlas and Centaur

vehicle during all phases of flight
Demonstrate the system integrity of the Guidance System
Obtein data on the measuring asccuracy of the Guidance System
during closed loop flight
Demonstrate that the Guidance System provides proper discrete
and steering signals to Atlas and Centaur flight control systems
VeFify the structural and thermal integrity of the Centaur nose
fairings and insulations panels
Verify the satisfactory performance of the insulation panel and
nose fairing jettison system
Secondary Test Objectives
Obtain data on the performance of the Centaur's main engine system
Demonstrate the restart capabilities of the Centaur main engine
system in flight environment
Obtain data on the following flight environments: Pressures,

temperatures, and vibration levels



10.

11.

1z.

13.

14.

15.

Verify the satisfactory operation of the Atlas/Centaur separation
system

Verify that the flight control system supplies proper signal for
attitude control and dynamic stability of the Centaur vehicle

Demonstrate the capabilities of the coast motors and attitude con-

trol system to retain the propellants in the proper attitude

Obtain data on the vehicle acceleration, propellant behavior and
heat transfer, and propellant tank ullage temperatures and
pressure histories during coast phase

Obtain data on the performance of the HpO» system, hydraulic system,
pneumatic system, electrical system and RF systems (telemetry,
Azusa and C=band beacon.)

Obtain data on the performance of all of the Atlas systems

Obtain date on the launch-on-time capability (fixed launch azimuth)
of the Atlas/Centaur

Demonstrate that the Guidance equations and the associated trajectory
parameters are satisfactory

Obtain data on the capability of the Centaur to perform a retro-

maneuver

.Obtain data on the spacecraft environment during the launch-to-

spacecraft separation phase of flight

Verifyy the ability of the Centaur propulsion system to start in
the flight environment and burn to Guidance cutoff

Obtain data on the orbital environments, terminal behavior, and
general post-mission performance of vehicle gsystems until loss

of all data links
2=2




TABLE 2-1. - Concluded

'« - SEQUENCE OF FLIGHT:EVENTS*

Event

-Nominal time

Actual time

Ullage control engines on

Admit guidance for attitude cont.
HpO2 separate on

Open LH2 vent valve

No. 1 vent valve relieved

Close LHp vent valve

Start boost pumps

L0, prestart

LH2 prestart

2nd Mes

Ullage control engines off
Inhibit guidence

Admit guidance for steering

2nd MECO

Inhibit guidance

Admit vector number 2

Hy0» separate on

Simulate spacecraft separation
Admit guidance (begin reorientation)
102 prestart (end reorientation, begin retromaneuver)
LHy prestart

HoOs/Alloff (end retromaneuver)
Open LH2 vent valve

Open LO2 vent valve

Energize power changeover switch

T+573
T+573
T+583
™615
™2006.0
T™+2010.0
T+2045.0
T+2045.0
T+2050.66

T+2104.66

T+2158.16

™+3520.16

T+614.8
T+840

*
Times are preliminary and subject to change.




A listing of the flight events are presented in Table 2-1.
diagram of the AC-4 flight is shown in Figure 2-1.
the Centaur stage is indicated in Figure 2-2.

paper is to summarize the AC-4 flight results from a preliminary examination

of the available data.

TABLE 2-1
SEQUENCE . CF FLIGHT EVENTS* '

Event

Nominal time

[P S

General arrangement of

The purpose of the present

Actual time

Guidance go inertial

Lock LH, vent valve
Two-inch motion

Start roll program

Start pitch program

Number 2 LHz vent valve relieved
Open LHp vent valve

Enable booster staging
Close IHp vent valve

BECO discrete

Jettison booster package
Open LHp vent valve
Jettison insulation panels
Start Centaur boost pumps
Unlatch nose fairings
Jettison nose fairing
Enable SECO

SECO

VECO

Close LOo vent valve

Close LH, vent valve

Start hydraulic recirculating pump
Pressurize LOp tank (BURP)
Pressurize LHo tank (BURP)
Atlas/Centaur separation
Fire Retro rockéts

LO, prestart

IH> prestart

Enable guidance for attitude control
Main engine start 18t

Enable guidance for steering
Main engine cutoff (MECO)

Lo,

T-8

T-8

T+0

T+4

T+15
T+74
T+145
T+148
T+150.04
T+153.04
T+158.0
T+200.01
™209.1
T+213.86
T+214.04
T+220.1
T+226.04
T+226.04
T+226.2
T+226.2

T+226.3
T+226.3
T™+228.64
T+228.7
T+229.7
T™+229.7

T+235.64
T+239.7
T+573.66

=l

~7.6
-6.9%0.5

0

T+4

T+15.4
T+60.5
™73.96+0.5

'

T+148.58+0.5
T+148.81
T+151.89
T+158.85t0.5
T+198.47
T+207.5
T™+211.89
T+212.39

T+224.33
T™224.33

T™+224

T+224.3
T+224.3
T+226.68
™226.9
T™+227 .94
T+227 .94

T+233.87
™237.9
T+572.76

*

Times are preliminary and subject to change.
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SECTION 3. LAUNCH OPERATIONS
PRELAUNCH HISTORY

The atlas booster 146D arrived at ETR on July 23 followed by the
Interstage Adapter (I/A) on July 28. On July 30 the booster was erected
on Complex 36A followed by the I/A on August 4. The Centaur 4C arrived
at ETR on August 14 and erected and mated to Atlas on August 20.

The Atlas/Centaur launch vehicle was de-erected on September 8 due to
Hurricane Dora approaching the coast of Florida. The vehicle was re-erected
starting with Atlas 146D on September 14, I/A on September 15 and Centaur 4C
on September 16.

The first A/P and Guidance Intergrated Test was conducted on October 16.
The test was completed, but due to a discrepancy that occurred, the Centaur
programmer was sent to San Diego for rework. The problem involved a re-
sistor of the wrong value in the timing circuit. Due to this resistor the
10 second duration of the reorientation vector enabled at retromasneuver was
not accomplished. The second A/P and Guidance Intergrated Test was con-
ducted on October 22. The test was completed and all results were satis-
factory.

The first Flight Control and Propellant Tanking Test was conducted on
October 27. The test was terminated due to the overpressurization of the
Centaur LO, tank. The overpressurization was due to a failure in the
Propellant Level Indicating System (PLIS) and the failure to acknowledge the
100 percent propellant level indicator light. Prior to the second Flight
Control and Propellant Tanking Test conductedﬂon November 6, a Stokes gauge

was installed on the intermediate bulkhead to check for leaks and a leak



found in one of the PLIS sensing lines was corrected. The test was com-
pleted with only one hold at T-45 minutes due to an air conditioning problem.
Prior to the third Flight Control and Propellant Tanking Test conducted on
November 16, the insulation panels were removed to permit X-raying of the
STA 408 area. The X-ray results were satisfactory, the insulation panels
replaced and the tanking was conducted with satisfactory results. A

special Centaur LO; tanking tesl was conducted on November 27 to verify the
fixes to increase the temperatures of the HyOp system. The results of the
test were satisfactory.

The Flight Acceptance Composite Test was successfully accomplished on
November 24 with only minor discrepancies encountered.

The Composite Readiness Test was completed successfully on November 30.
Review of data showed only two minor discrepancies.

The mass model was encapsulated and mated to Centaur on October 19.
Following the Flight Acceptance Composite Test the encapsulated mass model
was demated on November 25 and remated to Centaur on December 1.

The first attempted launch was December 4. After a delay of 5 hours
13 minutes due to a short in the airborne side of the ATLAS umbilical
plug, P1002, the attempted launch was terminated at T-84 due to severe
weather warning. The second attempt to launch was December S. The count-
down proceeded normally until at T-5, the launch was terminated due to
severe weather warning. The third and successful attempt to launch was

December 11 at 0925:02.548 EST.




AC-4 MILESTONES

Arrival of Atlas Booster 146D

Arrival of Interstage Adapter

Erection of Atlas Booster 146D

Erection of Interstage Adapter

Arrival of Centaur 4C

Erection of Centaur 4C

Arrival of Insulation Panels

De-erection of Atlas/Centaur (Hurricane Dora)
Erection of Atlas Booster 146D

Erection of Interstage Adapter

Erection of Centaur 4C

Erection of Insulation Panels

Arrival of Nose Fairing and Mass Model
A/P and Guidance Integrated Test
Encapsulation of Mass Model

Mating of Mass Model

A/P and Guidance Integrated Test

Flight Control and Propellant Tanking Test
Flight Control and Propellant Tanking Test
Flight Control and Propellant Tanking Test
Flight Acceptance Composite Test

Demate Encapsulated Mass Model

Centaur Special LOp Tanking

Composite Readiness Test

Mating of Encapsulated Mass Model
Attempted Launch

Attempted Launch

Launch

Date

7/23
7/28
7/30
8/4
8/14
8/20
9/8
9/8
9/14
9/15
9/16
10/1
10/6
10/16
10/19
10/19
10/22
10/27
11/6
11/16
11/24
11/25
11/27
11/30
12/1
12/4
12/5
12/11



AC-4 COUNTDOWN

F-2 Days
Tank Atlas with fuel

F-1 Day

Atlas/Centaur A/P Readiness Test
Atlas/Centaur TLM/RF System Test

Nose Fairing Bottles Storage

H-0z Tenking and Passivalion

Insulation Panel Jettison Reservoir Storage
Engine Trich Auto Flushing

Main Engine Hypergol Purge

Boost Pump and Attitude Engine Firing
Installation of Pyrotechnic Devices

F-0 (Launch) Day

Start Complete

Atlas and Centaur Range Safety Command Destruct Boxes T-360 - T=300
Installation

Atlas/Centaur A/P Testing T=335 T-300
Range Safety Command Test T-230 T-215
Guidance A/P Integrated Test T-145 T-70
Tower Removal T-120 T-80
Guidance Final Alignment T-80 T-45
Centaur LO; Tenking (55 percent) T-70 T-60
Atlas LOp Tanking T-60 T-40
Centaur LH2 Tanking T-40 T-1:30
Centaur LO; Topping T-22 T-5
Atlas LOp Topping . T-15 P-2:35
Guidance to Flight Mode T-4 = —ccee=
Programmers to Arm T-60 sec  ====--
Guidance to Internal T-8 sec  =—=====
Engine Start - Automatic Sequence T-8 sec = —=====
2 inch rise T-0 = eemeea-




LAUNCH ON TIME CAPABILITY ANALYSIS

The first launch attempt on December 4, 1964 went into the T-90 hold
at 7:33 a.m. A normal count from this point would have permitted launch
13 minutes after the opening of the window, however, the weather did not
permit this.

The second launch attempt on December 5, 1964 was scrubbed at the hold
of T-5 for weather. The count proceeded normally to T-5 at 8:45 a.m. and
held at this point, fully tanked, for 29 minutes prior to the initiating
of abort procedures at 9:14 a.m. EST. Had weather not dictated an abort,
this launch attempt could have met the minimum lunar window.

On the third launch attempt on December 11, 1964, liftoff occurred at
9:25:02.548 a.m. EST. This obviously did not meet a 20-minute lunar window
opening at 9:00 a.m. The planned hold of 60 minutes at T-90 was extended
to 95 minutes by the launcher stabilization problem. Utilization of the
10-minute absorbing hold at T-5 permitted launch at 9:25; launch would
have been at 9:35 without the availability of the 10 minute cushion. How-
ever, launch could have been at 9:10, if the absorbing hold of T-5 had been
25 minutes as originally called for in Section 8.4 of the Unified Test Plan.
The built in absorbing hold at T-5 was reduced from 25 minutes to 10 minutes
at the request of GLO with the anticipation of an Atlas sustainer lube oil
temperature problem.

NOSE FAIRING RECOVERY ATTEMPT

As an aid to the recovery of the AC-4 nose fairings, three dye markers

were installed in each half of the nose fairing prior to flight, and the

Ranger Recovery Ship "Rose Knot" was stationed at the nominal predicted

3-5



impact point, 554 NM down range on an azimuth of 102.5° true. Impact
occurred at the predicted time of T+1026 seconds as reentry and impact was
visually observed by several individuals aboard the recovery ship. TImpact
occurred between 3 and 4 miles away from the ship, and a good azimuth fix
was obtained, as visibility was good and the sky clear. The sea ranged
from 5 to 7 feet with some whitecaps. The ship proceeded directly to the
impact area with hopes for recovery. The ship swept the area until dark,
but could find neither the fairing nor any sign of dye in the sea. Two
aircraft swept the area for over 3 hours, as long as the fuel supply per-
mitted, and found no evidence of either the fairing or of the dye. There
was no reported sighting of the other fairing.

The reentry of the observed fairing was described as rapid and without
flutter; and it is the opinion of the recovery observers that the sighted

fairing sank upon impact and did not return to the surface.

3~6




SECTION 4. MECHANICAL GROUND SUPPORT:
SUMMARY

The Mechanical GSE worked satisfactorily for the AC-4 Flight. The
only problem was a slow LHs tanking rate on the December 5th launch attempt
and a leaking regulator valve on launch day. -These are discussed below.
The environmental control system was within parameters. - Gas and propellant
supplies were adequate for a sustained hold had they been needed. - The
LOX and LHy propellant loading systems had no problems and Atlas LOX red-
line temperatures were met without dumping LOX as was necessary on AC-2 and
AC-3.

PROBLEMS

a) LHp; Loading Rate

After the slow tanking rate of approximately 5 percent/minute on
the December 5 launch attempt the following LHp samples were taken from
the storage tank.-

1. 12/8/64 - Liquid agitated by pressurizing and venting then dumping
approximately 500 gallons before sampling. Results, 100 ppm No and 5 ppm Op.

2. 12/9/64 - A.M. Tank topped off and sample taken several hours later,
results, 190 ppm N, and 0.8 ppm Op. -

3. 12/9/64 - P.M. Results, 29 ppm N, and 0.7 ppm O,.

In addition, the LH2 transfer line was purged and sampled for GN, and 05.
The normal transfer line He purge consists of a l-hour‘ﬁurge on F-2 days with
no sample taken or further purge till LH, loading. On F-2 day for AC-4 the

line was purged with He from the F/D valve to the storage tank outlet valve

for 1 hour and sampled. The results showed 1.4 percent GN; and 0.38 percent Og.

i



The purge was continued for an additional hour and sampled. The results
were 0.045 CNp and 0.004 Op. This indicates a lack of adequate purging
of the transfer line in the past.

On launch day the line was purged for 1 hour and sampled prior to
start of LHy loading. The tanking rate started at 11 percent per minute
and leveled out at 8 percent per minute with the flow control valve wide

P | ~ +
pen. This is considered normal flow rate.

3
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b) Launcher Booster Unit Regulator
During the hold at T-90 a GN» regulator that supplies 2000 psig pres-
sure to the Launcher Auxiliary A frame stabilizing system leaked, causing
the pressure to go above 2000 psig. The correct configuration regulator
in this panel had been replaced with one which had a larger orifice for
more rapid charging of the system, but this regulator leaked. The correct
regulator was installed and worked satisfactorily.
ENVIRONMENTAL CONTROL SYSTEM
These temperatures and pressures are taken in the A/C ducts
(a) Upper Stage Cooling - [(55° F:+ 5€ = 10P).(0.433 psig minimyum) ]
F-1 day - The temperature varied from 44° to 46° F.
The duct pressure varied from 0.85 to 0.90 psig.
Launch day - The temperature remeined steady at 44° - 46° F.
The pressure varied from 0.75 to 0.80 psig.
T-90 min (GN, flow) - Temperature climbed from 46° to 50° F and
held steady to 1lift-off.
Pressure was steady at 0.82 psig.
NOTE: These GN, temperatures were achieved by by-passing the dehumidifier

cooling coils.
4.2




(b) Centaur Thrust Section [(130° F+10°)(0.47 psig minimum) ] -
Launch Day - 119° F gradually increasing to 122° F then 125° F and
- steady to lift-off.
Pressure started at 0.85 psig and jumped to 0.975 at
5:30 a.m., decreased to 0.94 at lift-off.
(c) Atlas Pod Cooling [(50° F max.)(0.83 psig to 1.44 psig)]
Launch Day - Temperature steady at 43.4° F down to 39.4° F just prior
to launch. Pressure steady at 1.02 psig.
(d) Atlas Thrust Section Heater (147° F minimum with LOX)
Launch Day - At 6:30 a.m. the temperature jumped from 680° F to 176° and
held steady to 1lift off.
(e) P/L adapter ring 0/S 171
Launch Day - This temperature on the payload adapter was between
50° - 60° F during the T-90 hold. It climbed gradually
to 75° at T-40. (LHy chilldown complete). Then down to

0° at T-25 and -25° at T-10. This held steady to lift-off.
GAS AND PROPELLANTS
(a) A/C GN, Supply

Total water volume including 28 tube bank trailers - 11,607 cu' ft

Total SCF available - 1,360,000
Total SCF Used - 244,000
Total SCF available at lift-off - 1;116,000
Hold time available at 1lift-off - | 200 minutes

This is in addition to the 70 minutes required after start of detanking. Total

time on GNz flow was 90 minutes.



(b) He Insulation Panel and Engine Purge
Total water volume from 12 tube bank trailers - 4,164 cu ft
Total pounds available at 6:45 a.m. 2400
Total pounds available at T-0 1848
Hold time available at T-O 234 minutes
This does not include the 4 hours required for warm-up after detanking.
(¢) He for ILOX Transfer
Total water volume available from three tube bank trailers - 1041 cu ft
SCF available at 6:45 a.m. 123,381
'SCF used 38,940
(d) Atlas Thrust Section Heater GN,
Total water volume available from 1 tube bank trailer -~ 273.9 cu ft
SCF available 34,200
SCF used 6,300
GN, flow was on for 6 minutes

(e) Launcher Booster Unit GNo

Starting pressure 6700 psig
Ending pressure 5700 psig
Minimum pressure required 5400 psig

(f) Facility Gases

1. Facility GH» (3000 psig)

Starting pressure 2300 psig
Ending pressure 1860 psig
Minimum pressure 1100 psig
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2. Facility He (3000 psig)

Starting pressure . 2800 psig
Ending pressure 2610 psig
Minimum pressure 1500 psig

3. Facility He (6000 psig)

Starting pressure 5600 psig
Ending pressure 4500 psig
Minimum pressure 3550 psig

(g) LOX
Storage Tank level at start 30,650 gal.
Storage Tank level at end _7,350 gal.
LOX used 23,300 gal.
NOTE: The level gage transducers on both storage tanks were rejected after
inspection,thereforq,the above figures are an approximation.
(h) LH,
Storage tank level at start - 1005 gal.
Storage tank level at end - _755 gal.
LHe used 250 gal.

Approximate hold time remaining 42 minutes
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SECTION 5. TRAJECTORY
SUMMARY

The Atlas-Centaur vehicle AC-4 was launched from ETR Complex 36A on
December 11, 1964 at 0925:02.548 EST. Preliminary evaluation of quick-
look tracking and orbit data indicate that the actual trajectory was
nearly that desired. The deviations from the desired trajectory that
occurred during booster phase were properly compensated for by the guidance
system and, as a result, AC-4 was injected into a near nominal circular
orbit.

ATMOSPHERIC AND AERODYNAMIC PARAMETERS

The atmospheric conditions estimated to exist at the time of launch
are presented in Figure 5-1. These data were determined from a Rawinsonde
run made at 0905 EST, approximately 20 minutes prior to liftoff. The
temperature and pressure profiles are presented in Figure 5-la as functions
of altitude. A comparison of the measured and the predicted wind profile
which was assumed for the preflight simulation is presented in Figure 5-1b.
The East-West component shifted such as to decrease the tail-wind assumed
in the preflight. The cross wind (North-South) was also stfonger than pre-
dicted. These shifts in the winds resulted in the measured angles of
attack which are presented in Figure 5-2. The significance of the changes
in the angles of attack will berdiscussed in the section on structures,
Section 10.

A major weather problem was the surface winds which were gusting to
velocities of 19 knots, a velocity above the limits for some of the loading

configurations. However, the weather-structural analysis program indicated



that there was a sufficient margin of safety for the AC-4 configuration.
The dynemic pressure and Mach number histories are presented in
Figure 5-3. The peak dynamic pressure occurred at T+80 seconds and was
approximately 60 psf greater than predicted. The Mach number was slightly
higher than obtained in the preflight simulation. This would indicate

that the peak aerodynamic drag was also somewhat greater than anticipated.

TECTORY C

R AT IS piV] 11

A comparison of the actual and the predicted trajectories is presented
in Figures 5-4, 5-5, and 5-6 in terms of position, axial load factor
(thrust acceleration), and relative velocity (relative to the air),respec-
tively. The trajectory called "actual" on the figures is based on the
tracking data used by GSFC to pre-position the downrange radars for acquisi-
tion of the vehicle when it came into range. It is essentially the trajec-
tory computed by the Instantaneous Impact Prediction program.

The altitude was approximately 30 high at BECO, Figure 5-4, which
occurred about 1.5 seconds early, Table 2-1l. Also, the axlal load factor
and relative velocity were higher than planned, Figures 5-5 and 5-6. This
would indicate that the booster performance was slightly better than pre-
dicted. ©Similar results were obtained for the AC-2 and AC-3 flights.
Following BECO, at which time the guidance system was activated, the dis-
persions in altitude were gradually reduced until at MECO the desired orbit
injection conditions were obtained. Other possible causes contributing to
the lofted trajectory could be a lower than planned pitch rate during the
time prior to BECO and the shift in the wind profiles. A small discrepancy

in crossrange (slighly to the right of the desired trajectory) was observed,
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Figure 5-4c. The possible causes of the crossrange deviation could be the
strength of the North-South wind components and the degree of accuracy with
which the Atlas autopilot established the pitch-over azimuth.

AC-4 was injected into a nearly circular 90 n. mi. orbit 572.76 seconds
following liftoff. The actual orbit determination made by GSFC is compared
with the desired orbit in Table 5-1, The deviations are very small with
the injection and perigee altitudes being within 0.2 n. mi. of the desired
values. The apogee altitude was within 5 n. mi, (higher), but still within

the 30 value.

TABLE 5+1

ORBITAL PARAMETERS

Units | Predicted| Actual |Actual less 3o
(3) (4) predicted

Time of epochl Sec | 573.7 572.7 -1.0- 8.6
Period , Min 87.78 87.86 +0.08 ".005
Inclination Deg 30.73 30.69 -.04 e
Eccentricity ——— .0001 1. 00095 +,00085 .002
Perigee altitude?| N.Mi. 88.41 88.20 t=e2l 7.5
Apogee altitude® | N.Mi. | 89.24 94.92 +5.68 7.4

1pime measured from 2-inch motion, that is, from 0925:02.548 EST.
2Measured above spherical Earth, R, = 3444 N.Mi.

SData obtained from GD/A Report No. GD/A-BTD 64-072,

September 15, 1964.

4Determined by GSFC.
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SECTION 6. "PROPULSION INTRODUCTION
SUMMARY

Atlas performance was almost as predicted throughout the entire flight.
déﬁtauf propulsion exhibited no major problems during the first burn. The
second burn of the Centaur engines was not achieved.

A propulsion system sequence of events is given in Table 6-1. -

ATLAS PROPULSION
Table 6-2 lists the Atlas thrust, specific impuise, and mixture ratio at
liftoff, BECO, and SECO and compares them with their predicted values.
The PU valve setting waes 1.8 degrees below the "nominal" 26.7 degree set-
ting at liftoff and was 5.1 degrees low at both BECO and SECO. This is
due to Vehicle 146D being orificed to a 2.28 to 1 mixture ratio whereas
the previous vehicles were orificed to a ratio of 2.359 to 1.
CENTAUR OVERALL PERFORMANCE

Centaur performance in terms of thrust, specific impulse, and mixture
ratio are listed in Table 6-3 These values are subject to change with
additional data aquisition.

The start total impulse for the C-1 engine is 3420 1b-sec and fof the
C-2 engine is 3360 lb-sec.

MAIN ENGINE
Table 6-4 compares some nominal engine operating parameters with those

measured during flight. Figure 6-1 and 6-2 illustrate the fuel and LOX
pump NPSH both during the start transient and for steady state. Figure 6-3
exhibits fuel pump housing temperature versus time. No major anomaly

has been discovered in the engine system operation. Figure 6-4 shows the




rise of.:chamber pressure with time during the start transient.
BOOST PUMPS
This was the first Centaur flight in which a reduced power fuel boost
pump was used. The fuel unit flown (serial number 80) was orificed to
operate during steady state at a 45,955 rpm turbine speed with a corre-
sponding head rise of 15.15 psid. The LOX boost pump (serial number 67)

was orificed to provide 27.3 psid head rise at 32,580 rpm steady stat

LY ) 3 2t

Boost pump start signal was initiated 16.2 seconds prior to SECO. The

start sequence was very close to the planned times as exhibited below.

Planned |Actual
BPS to prestart 20.6 sec |19.83 sec
P/S to main engine start| 6.0 5.93
BPS to main engine start| 26.6° . [25.76

Except for CP28P (fuel boost pump turbine nozzle box pressure) times from
start signal to first indication of gas generator and nozzlebox pressures
were approximately 1 second for both the LOX and fuel boost pumps. CP28P
failed to rise until 9 seconds after the start signal. This is attributed
to a failure of the transducer since the upstream gas generator pressure,
as well as turbine speed and head rise rose immediately.

The plots of turbine speed and head rise in Figures 6-5 and 6-6 show
a variation from the expected values for the start transient, particularly
for the fuel boost pump. These plots were made from date received from Tel-2
and the absolute magnitudes are questionable.

This data shows that the fuel boost pump speed during the first

35 seconds of boost pump operation was approximately 8000 rpm higher than

6-2




anticipated. Similarly, the fuel boost pump head rise is approximately
4 psid higher than expected. LOX boost pump performence as shown in these
figures was very close to the expected values.
Down-Range Data
(See the following table) indicates that the fuel boost pump speed is
approximately 2000 rpm higher than expected, although head rise is within
1l psid of the nominal values. Fuel gas generator pressure wﬁs normal, with

nozzlebox pressure from 4 to 8 psi higher than expected. Turbine speed,

nozzlebox pressure, and head rise are within the band of telemetry accuracy.

The LOX boost pump down-range data shows that turbine speed and head rise
are pormal at MECO. However, the gas generator and nozzlebox pressures are
questionable, particularly since the nozzlebox Pressure 1s higher than gas
generator pressure which is an impossibility. Further investigation is in

Progress to determine the cause of this inconsistancy.

DOWN-RANGE, DATA

P/s MES |MES + 60| MECO Initial
acceptance
test,
steady state
Fuel B. P. Speed, rpm 51,070 §9,400 |48,070 |48,115 45,955
Fuel B. P. nozzle 140 140 | -=--=--- 142 136.5
Pressure, psia L - ) L Ll
Fuel B. P. G. G. 149.8 149.8] -===nm=-= 152.1 153.5
Pressure, psia
Fuel B. P. head rise, psid 27.0 25.2 16.0 14.9 15.15
LOX B. P. speed, rpm 36,500 PB7,390 | ==m-eea- 32,860 32,580
LOX B. P. nozzle 82.5 87.5 | m==emema 112. 95
- pressure, psia
LOX B. P. G. G. 98 98 | --memm-- 101%* 107
Pressure, psia
LOX B. P. head rise, psid 71.79 TL.75| mmmmmeae 26.2 27.3

*Values questionable.

The folléwing temperature measurements were evaluated and appear to be normal

out to ™=+ 1080 seconds from liftoff -except where noted.
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SELECTED TEMPERATURE MEASUREMENTS (TEMPERATURES IN °F)

Liftoff] BPS MECO +1080

CPS8OT Helium chill line tem- -408 OSH OSH OSH
perature .

CP27T LOX B. P. turbine N OSL |.175 1100 750
nozzle temperature % *

CP127T Fuel B. P. turbine bearing| 105~ 100 270 315

CP36T LOX B. P. turbine bearing 70* 65* 190 240

CP29T Fuel B. P. turbine nozzle | 150 150" |1105 |{Lost at:+B810.;secaonds
temperature

CP18T IOX B. P. HpOo dont. 85 g3 86 83
viv. in.

CP20T Iy B. P. HpOp cont. 60 40 75 78
vlv. in.

CP336T LHp, B. P. varobox 58 42 -- 145

CP337T LHp B¢ P. Hy0p contsvlv 64 70 -- 145

Cp 32T ILHp B. P. inlet temper- -421 -~ | =422.2 «421.2
ature

CP33T LOX B. P. inlet temper- -281.51-281.3| -284.7 -284.8
ature

CP885T LOX B, P. discharge tem- |===--- -282 -284.4 -284
perature

CP884T IH» B. P. discharge tem- |-421 |-421.3|-422 |OSH at +700 seconds
perature

*Values questionable.

It appears that CP29T transducer falled at liftoff plus 610 seconds
as evidenced by the sudden drop in temperature from 1105° F to zero. This
transducer senses the mass temperature and ordinarily takes considerably
longer to cool.

CPss4T (LHZ boost pump discharge temperature) which went off scale
high at liftoff plus 700 seconds apparently is due to loss of liquid in the
discharge after MECO. This, in turn, is possibly due to boiloff in the
ducts or liguid moving forward in the tank.

Further investigation is necessary to draw a conclusion.
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ATTITUDE CONTROL SYSTEM

The attitude control system temperatures appeared to be normal. The
HpOp bottle remained steady at approximately 80° F. Figure 6-7 shows abrupt
temperature changes in the two fuel supply lines at about 1421:50z. This
was caused by pressurizing the HpOp system at this time. Normally, change at
this time would be an increase in temperature caused by the warmer Hp02
from the bottle entering the lines. A possible explanation for the drop
in the P-2 fuel supply line temperature is that the line was not completely
purged prior to pressurization, and when the system was pressurized colder
H202 in the upstream line moved to the location of the transducer. The
increase in fuel supply line temperatures to near bottle temperature after
MECO is normel and indicates H202 flow in the lines.

Figure 6-8 shows the attitude engine cluster manifold temperature.
The drop at T-0 is caused by the termination of ground air conditioning at
launch. At 1426:20z the temperatures began to increase. This is..attributed
to aerodynamic heating. ILater flight data is not available at this time. .
The ullage control engine combustion chamber temperatures are shown in
Figure 6-8 The Q-1 unit temperature at launch (260° F) is much higher than
it should be. Since the temperature went off scale after firing the engines
at MECO, the high initial temperature is attributed to instrumentation error.
The Q-2 unit temperature prior to MECO is considered to be too low (-6° F).
The reason for this is still under investigation. The increase in tempera-
ture of both units at MECO does indicate normal ullage control engine firing.

Ten-tone data which indicates attitude control engine firing times is

not presently available for the period between SECO and MES. The data
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from the first 8 minutes of the coast phase shows that the P-2 engine fired
for a fifteen second period shortly after MECO. This was probably to
correct a pitch error due to MECO transients. P-1, A-1, and A-2 engines
fired infrequently during this early portion: of the coast period. A-3
and A-4 engines fired with a duty cycle of about 0.9 second; ongand
1.7 seconds off almost constantly from MECO to MECO + 267 seconds. There
are several things that cculd possibly have caused this yaw error. With
the propellants in the forward end of the tank after MECO, the center of
gravity of the vehicle was moved forward end the ullage control engines
could create a couple about the center of gravity. A second possible
cause would be exhaust geas impingement from the ullage control engines on
the LOX sump. Another cause could be a leak in any pressure line on the
vehicle. Further study of the date is required in this area. At MECO + 267
seconds, when the LHp» vent valve opened, A-3 and A-4 engines remained on
almost constantly until the end of the available data at MECO + 8 minutes.
It is evident that the venting of IHs caused a torque on the vehitle above
the recovery capability of the attitude control engines.
HYDRAULIC SYSTEM PERFORMANCE

Preliminary evaluation of the data received from the AC-4 flight shows
that both C-1 and C-2 hydraulic systems operated properly. Full system
pressure was achieved in 1.5 seconds on both systems and held steady through-
out main engine burn. (Figs. 6-10 and 6-11).

At SECO + 0.1 second the circulation systems of C-1 and C-2 engine
hydraulics came up to their proper values (Figs. 6-10 and 6-11). The C-1
and C-2 pressures were 111 and 110 psia, respectively.

Both engines moved to null under circulation system power at a rate of
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approximately 0.3° per second. From SECO + 0.1 to MES + O second: the pres-
sure profiles and the pitch and yaw feedbacks were quite similar to those
of AC-2 and AC-3. Thrust build up and the associated rate transients were
such that at MES + 4 seconds the vehicle attitude was very close to that
required by guidance when it was readmitted. Consequently, engine gimbal
requirement and hydraulic demend was very low. The usual dip in pressure
at MES + 4 was nonexistant. Main system pressures were very steady at

1167 and 1188 psia, respectively.

Temperature sensing instrumentation installed to evaluate the redesign
of the engine-hydraulic system interface substantiated the results of
earlier preflight Sycamore firings. Further information on thermal isola-
tion of the two systems for coast phase evaluation has not been made,

however, precoast temperatures were adequate (Figs. 6-13 and 6-14).
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TABLE 6-1
SEQUENCE OF EVENTS

| Pre- [Actual GMT
 dictedf i
Liftoff ) O 0 1425 [ 02.55
Booster engine cutoff (BECO) 150.0 {149.1 |[1427 |31.6
Centaur boost pump start (BPS) 209.1 {208.6 |1428 |30.6
Sustainer engine cutoff 226.1 |1 224.3 1428 [ 46.9
Centaur prestart (PS) 229.7 | 227.9 |1428 |50.5
Centaur main engine start (MES) 235.7 1233.8 [1428 |56.4
Centaur main engine cutoff (MECO) { 573.0 |572.7 |1434 |35.2 |
TABIE 6 -2
ATLAS PERFORMANCE
Actual |Predicted
/] Thrust at liftoff, 1b
Boosters 307,300 |: 306,940
Sustainer 56,600 | 56,650
Verniers, axial 1,400 -1,710
Total 365,300 | 365,300
Thrust at BECO
Boosters 357,900 | 356,600
Sustainer 79,940 79,760
Vernlers, axial 1,600 1,970
Total 439,440 438,320
Thrust at SECO
Sustainer 79,100 79,100
Verniers, axial 1,460 1,460
Total 80,560 80,560
I, at liftoff, sec
Boosters 250.4 250.4
Sustainer 205.8 207.2
Total 243.2 243.6
Isp at BECO
Boosters 280.5 288.1
Sustainer 297.0 297.8
Total 284.4 291.4
I, at SECO
%otal 302.4 303.2
LOX to fuel ratio
Liftoff 2.325 2.240
BECO 2.513 2.336
SECO 2.451 2.228
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TABLE g -4

CENTAUR ENGINE STEADY OPERATING CONDITION

Reading

Nominal

MES + 200 sec

1 1 1 1 1 1 § 1 1 § ] ) 1 ) ] ] ] ] 1
S I N e e

leNeNoRoRoNoRoNoRoNoRoNoNoNoNoRoNoNoNoR e

LHp
LH2
LoX
LOX
LOX
LOX
Lifp

bump
bump
bump
bump
bump
pump

pump

total inlet pressure, psia
inlet temperature,

total inlet prsssure, psia
inlet temperature, °R
speed, rpm

discharge pressure, psia

. .
discharge pressure, psia

Fuel turbine inlet temperature, °r

Fuel Venturi upstream pressure, psia

Chamber pressure, psia

IHp pump
" IHo pump
TLOX pump
LOX pump
LOX pump
LOX pump
- IHp pump

total inlet pressure, psia
inlet temperature, °R
total inlet pressure, psia
inlet temperature,

speed, rpm

discharge pressure, psia
discharge pressure, psia

Fuel turbine inlet temperature, °R

“Fuel.Venturl upstream pressure, psia

Chamber pressure, psia

38.4
38.8
59.8

. 176.6

11,350

464

[alnXr)
Il

331
649
293.5

38.4

38.8
59.8

176.6
. 11,350

464
922
331
649

299.3

134.86
38780
5835

S .177.69

11,300

455
521
342.82
657.5
294.4
37.87
38.66
55.75
176.17
11, 400
477
969
342.60
667.1
298.0
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SECTION 7. CENTAUR PROPELLANT SYSTEMS
SUMMARY

The propellant systems, cOmprised of the propellant tank pressuri-
zation and control, pneumatics system, propellant loading, propellant be-
havior and hydrogen venting were all generally successful on the AC-4
flight. One exception, however, was the unscheduled. forward displacement
of the liquid in the hydrogen tank, due to transients following MECO,
which-gpon venting during the coast phase at T + 840 seconds, resulted in
a loss of vehicle attitude control.

Tenk pressurization and control was normal, vent valves operated
within proper pressure limits during powered flight, though a little low
during coast phase. This latter apparent discrepancy, however, may have
been in the accuracy of resolution of the flight data. Burp pressuriza-
tion for first and second burn was accomplished without incident; however,
a sudden collapse in pressure at second boost pump start is cause for con-
cern and further analysis.

TANK PRESSURIZATION AND CONTROL

The AC-4, LHp, and LOp tank pressures, as shown in Pigure 7-1, were
adequately maintained within the predicted Pressure bands, indicating
satisfactory operation of the vent valves and burp pressurization systems.
The secondary or number 2 high range vent valve relieved momentarily dur-
ing the initial lockup period at T + 60.5 seconds. This was due to the
higher pressure rise rate experienced during the initial boost period,
4.18 psi per minute compared to 3.53 psi Per minute on AC-3. Lockup at

BECO and tank burp at MES were normal. Following MECO the primary vent



valve was enabled to vent at T + 615 seconds, but it did not relieve
until T + 840 seconds, at which time the vehicle lost attitude control.
It appears that impingement forces of the expanding vent gases against
the forward bulkhead produce a vehicle yaw moment, and attitude control
was tnsufficient for recovery. Tank burp at second MES, T + 2005 sec-
onds, was normal in the LOX and LH, tanks, but LHZ pressure dropped
abruptly from 19.5 to 14 psia at boost pump start. This abrupt pressure
collapse may have been due to LH2 spraying into the ullage from the boost
pump volute bypass line. Further investigation of this behavior, how-
evér, is continuing. A summary of the tank pressures and pressure rise
rate datsa for.the flight is given in Table 7-1.
CENTAUR PROPELLANT LOADING

Liquid hydrogen and liquid oxygen were tanked to the planned flight
levels on the Centaur stage by the Propellant Level Indicating System
(PLIS). In addition to the PLIS, the LOX tank utilized a dual element
hot-vwire level sensor stationed approximately 1 inch below the planned
flight level. It insured that the ILOX level at liftoff was above the
slosh baffle to prevent sloshing and resulting vehicle instability. A
level sensor.at the planned flight level was also installed in the hydro-
gen tank was inoperativeiduring tanking.

The following table summarizeé Centaur propellant conditions at liftoff:

Ullage Ullage Density, Station Volume Weight
pressure, volume, 1b/cu £t number at at
peia cu ft S at . liftoff, liftoff,
liftoff cu ft 1b
LHZ 20, 87 33. 94 4.21 184.88 1206. 80 5080. 8
LOX 31.10 48. 30 68. 65 381. 39 356. 30 24,460

7-2




PROPELLANT BEHAVIOR

The hydrogen tank on the AC-4 vehicle was extensively instrumented
with temperature sensors, along three vertical axes 90° apart, to obtain
an indication of propellant behavior during both the powered and coast
flight phase. " It was the first such attempt on the Centaur vehicle and
much valuable data were obtained. A few sensors failed, but for the most
part, the sensors gielded valid data on propellant location or 1iquid
level near the tank walls.

Typical temperature profiles throughout the powered and controlled
coast phase flight period are shown in Figures 7-2 and 7-3. Sensor re;
sponse to specific flight events as noted was very distinct. During
liftoff the sensors indicated a gradual cooling as the airborne;insula—~
tion panel purge rate dropped off to zero. A further cooling effect was
evident at the time of hydrogen venting. An abrupt increase in tempera;
ture was noted simultaneously by all sensors at insulation panel jettison,
and)respectivelybby each>sensor as the liquid level receeded during main
engine firing.

At MECO, the sensors above the liquid level showed an abrupt drop 1n
temperature to a liquid indication.. It appears that the shutdown tran-
sients at MECO, and the discharge of the LH2 boost pump volute bypass

line forward into the ullage, caused a considerable amount of LH. to be

2
showered toward the forward bulkhead. Further zonfirmation of this for-
ward movement is afforded by the forward bulkhead skin temperatures at

Station 184 and the ullage gas temperature sensor at Station 162 as shown

7-3



in Figure 7-4. All three show an abrupt drop to liquid temperatures
just after MECO.

A vertical temperature profile in the tank at MECO and MECO + 30 sec-
onds is shown in Figure 7-5. At MECO the temperature distribution gives
some indication of a stratified layer near the liquid surface and also
in the ullage gas. Thirty seconds after MECO, however, the violent mix-

doson
enmperavure

ct

ing due to engine shutdown transients, markedly chenges this
profile. Liquid indications existed further up the tank wall and also

at the forward bulkhead, while warmer gas temperatures existed around

the middle of the tank.

This general distribution with liquid at both ends and gas in the
middle continued on into the coast phase and at hydrogen venting as shown
in Figure 7-6. This unscheduled liquid distribution was a severe test of
the settling rockets performance, and evidence of liquid at the forward
end during venting, after 268 seconds of oriented coast flight, indicates
a deficiency. There were some possible indications that the LH, tank
near the upper stations showed some slight warming trends before venting,
but not sufficient to indicate the absence of liquid. Additional analy-
sis is necessary before this problem can be resolved.

Upon venting at T + 840 seconds, the vehicle began to tumble in
yaw, and never regained attitude control. It appears that excessive
venting rates caused by liquid or liquid entrainment, produced excessive
impingement forces against the forward bulkhead resulting in induced . -
yawing moments greater than could be cancelled out by the attitude con-

trol engines.
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The yawing motion was further sggravated by the settling rockets.
The forward movement of the liquid in the tank resulted in & more for-
ward cg, such that the firing of the ullage rockets also induced a yaw-
ing moment in the same positive direction. This action is confirmed by
the attitude engine firing signals, which showed a uniformly on-off
pattern from MECO to hydrogen venting at T + 840 seconds. At venting,
attitude control engines fired continuously but were unable to correct
the yaw motion.

From LH2 venting onward, the contrifugasl force, due to the tumb-"
ling, forced the LH2 toward the forward end of the tank, Hence, a lack
of sufficient liquid head at second MES resulted in boost pimp starva-
tion and failure to achieve the second burn mission.

The most interesting results of the temperature sensor data, how-
ever, were the marked indications of liquid level during Centaur main
engine firing. Each sensor indicated an abrupt rise in temperature with
the passage of the liquid level. Correlating these wet to dry indica-
tions it was possible to establish the variation of liquid level with time
as shown in Figure 7-7. The correlation was excellent, and as shown the
1iquid level at MECO can be accurately established at Station 339.

HYDROGEN VENTING

The hydrogen venting schedule on AC-4 was revised slightly from
AC-3. The initial primary vent valve lockup period extended from .. --
T« 7 tolT + 74 seconds, and the primary vent valve vwas enabled after
MECO at T + 615 seconds.  First venting, however, .occurred. prior.to the

vprogrammed 74-second unlock, as the secondary valve cracked momentarily

T=5



at T + 60.5 seconds. The scheduléd venting after 74 seconds and after
BECO was accomplished without incident, and the flow rates, as shown in
Figure 7-8, were about the same as on the AC-3 flight. Preliminary re-
sults indicate that about 44 pounds of hydrogen were vented prior to
BECO, and 28 more pounds were vented after BECO and prior to MES.

The coast phase venting, however, was not normal. FEnabling of the
primary vent valve at T + 615 seconds gllowed venting To occur as soon
as the tank pressure reached the cracking pressure of the valve, and
this occurred at T +:840 seconds, after 267 seconds of near zero g
coasting. The presence of liquid at the forward end of the tank at the
time of vent opening, as discussed earlier, resulted in liquid entrain-
ment and excessive venting flow rates. The nonpropulsive vent apparently
controlled in the normal venting thrust axis, but severe impingement
forces normal to the vent axes, produced yawing moments in excess of the
restoring capability of the attitude control engines and the ;éhicle be-
gan to tumble.

The venting flow rates during this coast phase period are shown in
Figure 7-9. Flow rates are shown for both gas and liquid states, based
on the measured Venturi pressures. The Venturi tempersature data indi-
cated gas venting for the first 2 seconds, but then fell rapidly to a
saturstion iemperature. The vent valve definitely cycles and during the
first three reseat periods, the Venturi temperature actually warmed up
slightly indicating the presence of some gas. After this period the

Venturli temperature remained saturated, even when the vent valve was
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seated, indicating the presence of liquid in the duect., Pressure spikes,
particularly during the first few vent cycles, indicating high flow
- rates, may have been caused by liquid flashing off in the wérm vent
duct. In spite of the liquid entrainment, and/or liquid venting, tank

pressures remalned stable and within specified limits.
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SUMMARY OF PROPELLANT TANK PRESSURES

TABLE 7-1

Event and time Tank | Initial Final AP, | Average
pressure, | pressure,| psi | pressure
psia psia rise rate,
psi/min
Initial vent valve lockup LH2 20.8 25.5 4.7 4,18
T-7 to T + 60.5 LO2 31l.1 30.4 e T
when number 2
valve relieved
BECO lockup LH2 19.2 21 1.8 11.35
T + 148 to T + 157.5 LOo 29.8 29.7
Tank burp at MES LH» 18.5 19.4 9| mmem--
T + 224 LO2 29.4 33. 1 37| =mmm--
Main engine cutoff LHo 16.2 ———— B .
T + 576 LO2 27.9 ——— e | mmema-
Coast phase LH2 16.2 19 2.8 646
T + 576 to T + 840 LO2 28.2 29.5 1.3 295
Tank burp at second MES LH, 18.9 19.5 B emmee-
T + 2005 10, 3l.4 34.0 2.6
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SECTION 8. SEPARATION
SUMMARY

The separation systems on the AC-4 flight consisted of (1) the insu-
lation panels, (2) the nose fairing, and (3) the Atlas booster stage. The
successful Jjettisoning of the insulation panels and the nose fairings made
up one of the primary flight objectives and the operation of the staging
system was a secondary objective.

The three systems performed as designed with no anomalies being noted.
Subsequent to the AC-S'flight, tests of the nose fairing separation system
were conducted at Lewis Research Center in an effort to determine the cause
of, and effect a remedy for, shocks to the guidance system which were noted
on that flight. These shocks were coincident with nose fairing jettison
and it was felt this event was thelr cause. As a result of the test séries,
modifications were made to the system and no guidance system disturbances
vere noted on AC-4.

Vehicle stating occurred normally with only a low level of angular
motion of the Atles noted during the separation interval.

As a result of the AC-¢ flight, the level of confidence in the three
separation systems has been increased.

INSULATION PANEL SEPARATION

Breakwires were located on the insulation Panel Jettison hinges to re<
cord penel jettison. These measurements were listed as AA401X, AA402X,
AA4O3X, and AA404X. They were strictly an "off-on" type of measurement.
From these measurements it can be concluded that all the panels were Jetti-

soned simultaneously at T + 198.55 seconds. This was also verified by



checking the panel instrumentation. It can be clearly seen by looking at
the raw data thet the instrumentation ceased to function at T + 198.55
which would indicsate that the panels had separated from the vehicle. When
the panels are jettisoned the instrumentation is cut off by means of an
instrumentation disconnect in the area of the "wedding band." This dis-

connect will not function until the panels have almost completely separa-

ot

ted. Another check was mede by locking at the tank strain gage data. A
definite increase in tank hopp strain was observed at the time of panel
jettison. This indicates that there was an interference pressure between
the panels and the tank prior to jettison and at the time of jettison the
pressure ceased which indicates the panels had separated.

From all of this date it can be concluded without doubt that the in-
sulation panels had parted simulteneously at approximately T + 198.55
seconds which was the planned jettison time.

NOSE FATRING SEPARATION

Nose fairing separation was accomplished successfully with none of
the:indications of malfunction seen in the AC-3 flight. Since the nose fair-
ing flight qualification tests run at Lewis used many of the flight trans-
ducers, a comparison of flight data with Lewis test data is given in this
report.

Pressure in the thruster bottle cavity as indicated by CA445P was
9. 20 pounds per square inch absolute as compared with 4.9 psia on Lewis
test data using the same transducer. Two other Lewis test transducers
were used in the flight qualification tests. Transducer number 29 was

located beside CA445P and received pressure along the X-axis as did CA445P.
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This transdufer read 8 psia. Transducer 42 was located at the intersection
of the bulkhead and the nosé fairing on the YY-axis and read pressure along
the Z-axis. It read 16.0 psia for the Lewis tests. Pressure on the top'of
the Surveyor mass model was read by CY102P and pressure at the base of the
model was shown by CY1lOlP. CY102P indicated 0.081 psia for the flight and
0.070 psia for the Lewis tests. CY101lP indicated 0.087 for the flight and
0.070 for the Lewis tests.

Acceleration was resd at the mass model base by CY710 and the X-
direction and CY720 in the Y-direction and was read at the mass model top
by CY740 in the X-direction end CY-750 in the Y-direction. The flight data
for these pickups never mxceeded 0.6 gram: during the nose fairing jettison.
The Lewis test value never exceeded 0.82 gram.

During the previous flight high acceleration peaks during nose fairing
separation were measured by accelerometers located near the equipment shejf.
CA270 located on the A/P Gyro Package indicated a maximum of 5 grams pesk :
to peak at nose fairiﬁg Jettisons. The only accelerpmeter used on the
Levis test was CA890 located on the Guidance Platform and it indicated peak
to peak accelerations of 26 grams. A plot of these accelerations is shown
on Figure 8-1. Strain gauges CA38S and CA39S indicated the vertical loads
on the nose fairing flight hinges. Figure 8-2 shows the loads placed on
these hinges during flight and during the Lewis test. The maximum com-
Pressive load of 2600 pounds was well under the load capacity of approxi-
mately 8000 pounds. The loads in Figure 8-2 were obtained by doubling the
indicated load since only one leg of the two-leg hinge was strain gauged.

CM201D, CM202D, CM203D, and CM204D were position indicating transducers
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measuring the angular rotation of the nose fairing about its flight hinge.
Figures 8-3 and 8-4 showithe angular motion of the fairings, for the flight
and for the Lewis test as obtained from these transducers and for the Lewis
test as obtained from photographic data. The two methods of obtaining an-
gular rotation during the flight qualification tests were in close agree-
ment. The angular rate of rotation during flight as shown by these trans-
ducers was less than that obtained during the Lewis tests. _Since trans-
ducers were located in each quadrant rotation about the Z-axis was observed.
In the Q II-IIT fairing half, data from the flight showed that the Q III rate
of rotation was more than the Q IT rate whereas the Lewis tests showed the
opposite to be true. The Q I-IV half did not show this discrepancy. In
both cases the Q IV rate of rotation was higher than that of the Q I.

ATLAS /CENTAUR SEPARATION

The steging sequence had been exercised twice on previous Atlas/Centaur
flights and its successful completion constituted a secondary flight ob-
Jective. As in earlier flights, the separation process was initiasted by the
linear shaped charge which fired at T + 226.76 and severed the interstage
adapter at Station 413.

The retro-rockets fired at approximately T + 226.9 to decelerate the
Atlas and preliminary accelerometer date indicates all eight rockets igni-
ted. The rocket fairing cap breakwire data was not readable to the extent
it could be relied upon to verify rocket firing in all instances.

Information obtained from gyros indicated that the Centaur did not ro-
tate about its center of gravity to an appreciable amount during the separa-

tion process (less than 0.2°). It is also indicated that the Atlas did not
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rotate significantly about its pitch axis which is the more critical axis.
A rotational motion component about the yaw axis was noted which resulted
in a yaw of approximately 0.7° at the time the Atlas cleared the Centaur.
The resulting path of the forward edge of the interstage adapter from the
angular-Atlas motion is shown in the éccompanying Figures 8-5 and 8-6.

The rotational and translational motion components are shown in
Table 8-1 and compared with the predicted values. It will be noted that
the critical pitch (Y-Y) motions are small (both predicted and observed).
The yaw (X-X) motion, which is predicted to be wholly rotational, is appar-
ently significantly greater than predicted. However, as shown in Figure 8-6,
a clearance of approximately 33 inches still exists after 9 feet of longitu-

tinal separation to absorb any undetected motion before g collision would occur.

TABLE 8-1
MAGNITUDES AND DIRECTIONS OF ATLAS COMPONENTS OF MOTION AT FORWARD

EDGE OF INTERSTAGE ADAPTER AFTER 9 FEET OF LONGITUDINAL MOTION

Component Predicted Observed,
along X-X axis, in.
in.

Translation 0 --
Rotation +2 +7
Total +2(along Y-Y axis) +7
Translation -l% --
Rotation —% -1
Total -1% -
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SECTION 9. VEHICLE STRUCTURES
SUMMARY

In achieving its initial parking orbit, the AC-4 vehicie demon -
strated its ability to withstand all structural loads imposed during
the powered phases of the flight. Structural integrity of the Centaur
stage was meintained even during uncontrolled tumbling following the
first MECO. All elements of the vehicle structures system performed as
predicted.

| INSTRUMENTATION

The structural instrumentation consisted of strain gages, pressure
and temperature transducers, accelerometers, microphones, and nose cap.
angle‘oflattack transducers. Three strain gage measurements (two at
Sta. 402 and one at Sta. 225) were not functional prior to the launch
and no data was retrieved from them. At least one strain gage on the
Atlas stage at Sta. 582 was lost during the flight. These are the only
significant instrumentation failures of importance to structures that
occurred on this flight. Date of acceptable quality ﬁas received from
the rest of the instrumentation. Loss of a few strain gages will not
seriously impair in depth evaluation of the structural system.

RESULTS
Flight Bending Moments

Vehicle angle of attack measurements are a prime source of evaluat-
ing bending loads encountered during the high dynamic pressure flight
regime. Thé‘history of pitch and yaw angles of attack is shown in
Figure 9-1. In the pitch plane the highest value of angle of attack was

2.24° at T+71 seconds. Unlike the sharp peaks on AC-3 on this flight the



angle of attack (alpha) maintained a value of approximately 2° from
T+58 to T+62 seconds, and from T+70 to T+79 seconds. In general, the
pitch plane angle of attack (alpha) was positive resulting in positive
values of vehicle bending moment. In the yaw plane a maximum value of
angle of attack (B) was -1,68° at T+78°. Here again there were no
sharp peaks and in general through the high dynamic pressure flight
regime 8 was negative with an absolute value being considerably
smaller than alpha. The absence of sharp peaks may have been due to
the type of transducer employed. On the AC-3 flight the main source of
data was the stinger angle of attack measurement. This has a much higher
frequency response than the nose caep differential pressure measurements
employed on AC-4.

The bending load resulting from aerodynamic forces are shown in
Figures 9-2 to 9-4 at Stations 219, 408, and 812, The first two
stations (i.e., Sta. 219 and 408) represent mesjor structural joints on
the Centaur vehicle and Station 812 represents the station of maximum
bending moment. TFrom these data it is apparent that maximum values of
bending moment encountered on the AC-4 flight were approximately 60 per-
cent of the limit allowables. Analysis of strain gage response data now
in process will be used to further evaluate flight loads. These loads
appear to be in general agreement with loads predicted on the basis of
prelaunch wind soundings. The T-O HR wind sounding indicated that winds
aloft reached their maximum value of 35 knots at 45,000 feet. From the

small value of maximum wind velocity it is apparent that aerodynamic load
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resulted mainly from the pitch over program employed on this flight,
which was tuned to the preflight nominal wind as shown in Figure 3-1(k).
As can be seen, deviations from the preflight nominal wind are greater
thanthe absolute wind speed through the high g flight regime.

NOSE FAIRING HINGE LOADS

The nose fairing hinges support the two fairing sections at Jjetti-
son as each section pivots away from the Centaur tank. Concern was
evidenced prior to the flight that the nose fairing lugs would bottom
out on the hinge aft fork and transfer nose fairing inertia and drag
loads into the hinge. To alleviate this possibility, the fork opening
was widened and care was teken to create a gap between the nose fairing
lug and the aft fork of the hinge.

The flight data seems to indicate that this procedure achieved its
aim. No compression (aft loads) were noticed until after T+180 seconds.
Tension (forward loads) were noticed on the top Y-axis hinge during the
transonic period. The flight loads were well within the 1limit load
capacity of 6000 pounds. For actual jettison loads see SECTION 8. Ten-
'sion loads prior to jettison indicated some fransfer of bending moment
into the hinges.

CENTAUR TANK STRUCTURAL INTEGRITY

Recorded pressures in the Centaur LOS and LH2 tanks were normal
throughout suborbital flight as was the differential pressure across the
intermediate bulkhead. Detailed plots of the pressure versus’ time vari-

ation of the tanks may be seen in Figure 7-1. As may be seen in these
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plots, the pressures were well within the structural allowables.
NOSE FAIRING PRESSURE AND TEMPERATURE ENVIRONMENT

The nose fairing on the AC-4 flight was proven to be structurally
reliable as temperatures and pressures were below predicted values, all
diserete commands were initiated as programmed and all instrumentation
to the nose fairing disconnected at the time of nose fairing jettison
indicating normal jettison seguence.

The actual external temperatures during flight were lower at all
stations than those predicted in'the loads report; this was also true
of pressures. Maximum crushing pressures encountered on the nose
fairing occurred during transonic flight, transducers at Station 155
indicated peak crushing pressures of 0.3 psi in Quad I, 0.44 psi in
Quad IT, and 0.49 psi in Quad ITII. These values compare with a design
crushing pressure of 1.8 psi, At Station 180 Quad IV a peak crushing
pressure of 1.8 psi was recorded at T+58 seconds. However, the design
velue in this area is 3.3 psi. The umbilical island showed a crushing
pressure of 3 psi at T+60 seconds, again well below the design value of
5.2 psi.

Temperatures on the nose cap reached maximum values at BECO. They
were 576° F at the stagnation point (CA80T), 490° F, 30° from the Z-axig
(CA958T), and 320° F, 60° from the Z-axis (CA959T). See Figure 9-5
for flight history of these measurements., None of these temperatures
were near the critical fiberglass glue-line temperature, indicating -
the nose cap to be structurally sound for this flight. It appears that

the only problem which could possibly have been.present at these tempera-
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tures is gasification of the epoxy in the inner compartment which could
contaminate the payload area. Measurements in the conical region indi-
cate that a benefit of approximately 43° F was derived from application

of Thermolag. Table below indicates relative effectiveness of the

Thermolag:
Station, | Orientation, Maximum Thermolag
in. axis temperature,
°F
72 +Y 161 Covered
72 =Y 150 Covered
72 . +¥ 204 Not covered
72 -Y 193 Not covered

All discrete commands, that is, unlatch fairing command and fairing
thrust bottle commend were verified. All pressure and temperature
instrumentation disconnected at the time of nose fairing jettison
verifying a normal separation.
HYDROGEN VENT STACK TEMPERATURE

External temperature recorded on the leading edge of the hydrogen
vent stack at a point 18 inches outboard of the nose fairing external
skin reached a maximum of 975° F at T+150 seconds, as shown in Fig-
ure 9~ 6. Maximum predicted temperatures indicated a valu¢ of 1600° F
at this location. The temperature measurement throughout the flight,
prior to nose fairing Jettisoning, were continuous and uninterrupted
indicating all plies on the vent stack to have remained attached to the
vent stack throughout the flight. It should be noted that at the time
of maximum loading (Max. g) the recorded vent stéck temperature was less

than 100° F indicating a negligible loss in strength properties.
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THRUSTOR BOTTLE COMPARTMENT PRESSURE

The thruster bottle compartment pressure dropped from approximately
14,7 psi to flight vacuum at nose fairing jettison. At this point there
is a pressure peak of about 9 psi due to thruster bottle pressure. This
pressure peak is higher than the pressures of approximetely 5 psi measured
during SPC tests of the nose fairing but is not considered detrimental to
any structure in this area. Further detailed examination of the data in
this area is in progress.

PAYLOAD ADAPTER AND SPACECRAFT TEMPERATURES

All temperatures on the mass model, separation latch points and
payload adapter were within predicted values during the AC-4 flight.
Temperatures ranged from 70° F at the top of the peyloed mest to
-130% F at the payload adapter to tank attachment (Sta. 171).

PAYLOAD ADAPTER LOADS AND STRESSES

The three strain gages mounted on the payload adapter longerons
(directly below the separation latch points) indicate compression in the
adapter increasing in intensity from launch to BECO. At BECO there is
an abrupt decrease in payload adapter strains. Stress levels do not ex-
ceed 10,600 psi in the adapter longerons, indicating that good structure
margins of safety exist in this area.

INSULATION PANEL PRESSURE AND TEMPERATURE ENVIRONMENT

Locations of the various pressure measurements on the insulation
penels are shown in Figure 9-7. External pressure decay history is
shown in Figure 9-8. Its value reaches zero at approximately T+120 sec-

onds,




Insulation panel differential pressure history during the flight shows
that a crushing pressure exists throughout most of the flight. Only in
a few cases do the pressure curves become negative which indicates g
bursting pressure acting on the panels. The maximum crushing pressure -
recorded was 3.04 psi and the maximum bursting pressure recorded was
0.38 psi. The maximum crushing pressure occurred at T+70 seconds. This
is immediately after the Mach 1 shock wave passed down the panels. The-
movement of this shock wave is the cause of the bressure increase at
this time. The differential pressure history is shown in Figures 9-9
and 9-10. All the differential pressures are well within design limits
for the insulation panels and lower than the predicted values.

Locations and designations of the insulation panels temperature
transducers are shown in Figure 9-11. At the time of lift-off,vfive of
the thermocouples read temperatures between -340° snd -370° F. The
predicted temperature at lift-off was -360° F. This corresponds very
well with actual temperatures. One thermocouple (CA381T) did not fall
~within the above temperature renge, reading -260° F at lift-off. A
reasonable explanation for this is the fact that the thermocouple is
near the helium purge ring and the warm helium is impinging upon it
while the vehicle is on the ground. After lift-off the temperature
readings gradually increase with time. At panel jettison the temperature
range is -290° to -330° F. This behavior is as expected, because of the
heat flux into the panels. CA381T, however, behaves in the opposite

manner. It cools as the time increases until it reaches -299° F at
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panel Jettison. Time histories of internal insulation panel tempera-
tures are shown in Figures 9-12 and 9-13.

An explanation for this phenomenon could be the fact that upon
lift-off an airborne helium purge is being used. This purge had a much
lower flow rate and uses cold helium gas which would allow the thermo-
couple reading to decrease. The existence of a Thermolag coating on
the outside skin of the panels will also prevent the temperature from
rising.

Thermocouples CAS95T, CAS97T, CA599T, CA701T, CA705T, and CA7057
were used to obtain the temperatures on the outside of the insulation
penels. Time histories of insulation panel external temperature mea-
surements are shown in Figures 9-14 to 9-19. These thermocouples were
mounted in the same position as the inside ones. They were mounted in
the basic panel region and on or in close proximity to any panel protuber-
ences. The maximum tempereture recorded by five of the thermocouples
ranges from +140° to +175° F. These temperatures are much lower than
predicted. The highest predicted temperature in the basic panel region
(cylindrical section) was +420° F and the highest actual temperature was
+175° F read by CA701T which was located at Station 280. The sixth thermo-
couple read a maximum tempersture of only +98.5° F. This thermocouple was
located on the wiring tunnel panel at Station 395 in an area that was
coated with Thermolag. The Thermolag increased the mass of the panel,
thus the panel was able to absorb more heat without an increase in tem-
perature. These temperatures cause only a small decrease in insulation

panel material allowables.
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Thermocouples CAZOT and CA21T recorded the temperature on the outside
skin of the wiring tunnel at Station 310 and 353. These thermocouples
were located in the center of the wiring tunnel. The maximum tempera-
ture of 214° F was recorded by CA21T at T+150 seconds. This temperature
is much lower than predicted temperatures and causes only a small de-
crease in insulation panel material allowables.

Thermocouples CA22T, CA23T, and CA24T give the temperatures in the
area of the boost pump fairing. CA23T and CA24T are located on the out-
‘8ide of the boost pump fairing.

The temperatures recorded in this area are the highest on the insula-
tion panels. The highest temperature is +234° F. This temperature, even
though it was the maximum temperature recorded, is still well below pre-
dicted and design temperatures. CA22T was located in a basic panel
region and is on a Thermolagged area, thus the temperature does not ex-
ceed a meximum of 80° F.

Thermocouples CA40T and CA41T read the outside temperatures in the
area of the destruct package. These thermocuples were located in a
Thermolagged area, thus the temperatures realized were much lower than
predicted. The highest temperature read by either of these thermo=
couples was +88° F which is well within design limits.

Flight temperature data indicates that the aerodynamic heating
analysis is very conservative and that a benifit of approximately 100° F

was derived by application of Thermolag.
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INSULATION PANEL SHAPED CHARGE DETONATION
TRANSFER BLOCK TEMPERATURES

There were four thermocouples, one on each of the detonation transfer
blocks on the insulation panel shaped charge system. The detonation
transfer blocks are located at Station 408. The temperature history re-
corded by these transducers is shown in Figure 9-20. The peak value at-
tained was -4° F, and the minimum value recorded was 78° F. These tem-
peratures are well above the redline limit of -250° F. These data
indicate that there is no problem in this area.

ATLAS INTERMEDIATE BULKHEAD DIFFERENTIAL PRESSURE

The launch transient minimum differentiel pressure was 10.2 psi.
Had the ullage pressures been at their most adverse (LOX 31, RP-1 57),
the pressure across the bulkhead would have been 6.2 psi. The incre-
mental load factor acting on the LOX due to launch transient is 0.23 g's,
which is considerably less than the 0.6 g's assumed in the analysis.

The minimum differential pressure was measured at 99 seconds and
~was only 9.0 psi. Had the ullage pressures been at their most adverse
(LOX 31, RP-1 57), the pressure across the bulkhead would have been
6.75 psi. There is & definite dip in differential pressure between
T =70 and T = 100 which did not occur during the flight of AC-3.
Although the relative ullage pressures did change adversely (1.5 psi),
this was not enough to reduce the differential across the bulkhead below

a8 value of 10.7 psi.




ATIAS LOX TANK TEMPERATURES

The maximum predicted temperature at Station 575 was 640° F at
T+172 seconds. At this time, the flight temperature was 230° F. The
maximum measured temperature was 367° F, at 131 seconds. The predicted
temperature for 131 seconds was 550° F. The actual point began heating,
heated at lower rate, peaked earlier, and peaked lower than predicted.

The predicted maximum temperature at Station 580 was 455° F while
the maximum measured temperature was 320° F. The predicted tempera-
ture -at BECO was 380° F, while the measured temperature at BECO was
288° F.

The predicted maximum temperature at Station 574 was 450° F while
the meximum measured temperature was 292° F. The predicted temperature
at BECO was 380° F while the measured temperature at BECO was 280° F.

The measured values indicate a much less severe environment than
does the analysis. The slightly lofted boost phase may account for
some margin, but the analysis is still very conservative.

INTERSTAGE ADAPTER

The interstage adapter performed quite well throughout the complete
flight. The meximum temperatures that were recorded during flight were
well below the predicted temperatures for these data (see Figs. 9-22
to 9-24). The pressure and flutter data has not been reduced to a use-
able form yet, but from past performance, this data is]expected to be

well within the acceptable limits.




(t-oV) FWIDFE LHODI7TS DIHITHISOWLY & HIII  ONIINT  ASOLS I
(&% 10) XOVLLIY SO IF7INV IFNYId MVA QN HOLIS " 1-6 FH02 /1
- ‘COFS ~ FWIL LHOD/TS

-~

Se0

oy

h,

T
H

pig bRunEtan
Pl ob
jien yol

esgrn m

IS o

- -4

=it :

y paws ) Ty
eetintetelonct

i

Foth

3

©

-+

i
bW

|

LR e e D L e ¥ Sy ks 3T

T4 ey Aty e frevad ¢
ESOY R4

Ty . . I -
| SV OARTIE P DO S SIS DIAPIK paw

N ~ o
SIFFHOTFT ~ HMAIOVILIY SO FT7INV

v



612 NO/LVILS

LY ATOLSIH

INIWOW ONIONTG b-dY 2-6 FHND/S
$27S ~ FWIL L H D17

% e e W i vt e

-+ PR

EY RS peirg OUAS S
\_‘...r?..ﬂ.nf.{4r41 i

RS S

N

Q‘

- pedt

DO

N

STy

g

oo R S
B R s o

w

Toprag

‘.
e

A
. . ;.HM;,UM; ta...‘.

NPEESRETe)
Faieideg o4 44

Sty

v

g

! |
5Ol ~ LNIWOW ONIONZF

o
9/ M/




S0& VLS LY AYOLSIH LNIFWNOW ONIGNIEG LHOI7F &=V "6 3509/

og

L

SOFE —~ N\\_\\KQ LHODI7S

T Roch i
B S gl R s DU

SECHONUISHS IR SRR IR o 0

RN Ricibwas SUe

b T -
y.ﬂ ...’.L.MJ).,JI Jhacia

T e TR

; i H -
et e S

PR

-

SR

P

TR

i ed ey -

..nrhtd .{.‘*.»

Bl SRl

Jone

s
IR

I R

90/ ~ LNIWOW 9N/TNIF

‘N/

59/

prieett

ds
it




5

2/18 VLS ALY AYOLSIH LNIFWOW ON/ANZ G LHDI7H ¥7-0V -6 FT79/F

'SOIC ~ FIWIL LHO/IT7S
oL

St S e T e
RSPl Puies i Foe sk Erai o : A _

1! VOGS HL B 50X D NOLS - ST/IT VA

s WO ONIANZF S FTEYMOTIF T~

PO
TTiL Pyt L o2s

' 4
] .
..... et s R oot R ol ity Sesdids B S
i } PR B

-~
!

b EoonE St Suturst &

R B S,

[E Tl P DS (VRPN 9N

P s Aot 4,1\ —_

Ty
RO el
SHETRE

i
SG/ N/ Ol ~ LNIWOW ODNIGNFE

—

SRS

SEek

N

-

TG

s S

“+




-t
b

fhi

T
P

e

P el
Py el
; i

- 9.*

e
i

8o 200 220

o

e
SREREBEY |

e b b g

SOOI
[osavEp e

120
FLUGHT TIME SECOND

o o)

20 40 60 &0

b S
IO

O

~~—
e
Swet

FIG. NO 9-5 NOSE FAIRING CARP TEMPERATURE™

ol

[



[

dom e
4

s Supalines e wet
Nyt :
o R ; i RS ol S Ao GO Sl Rt

EESeY EREESE S ook B TS ns Potel Fhatc Eoual fptopsaskeases ptpadsalics

ooy o RERR: ) : & Rorns Apasa

e Rt Rt

e

‘-!rrl.lr):;»fl.:oxx’f-qq!..f.lol.If‘
DS RISt SRS, RN Y:wif..._:u?«.x;l.uv.

T T L W LT
B8 Satan et BB

as Sakay Pucad fobes
Pt P DE Rk R

S B s B et e oo

1 Syl Plolu QR

R | e Thd R
T PR L T

v H

<=

;...x,l».‘w}.

- gorpis gt

[e]

SO
<.Iav+~.

53% A = EESBES] DRRus USRS SRS SARSY SSEkE ot
He : : [SSSEEASEe sRaby bkl

=3 1+ ey

ppant subhl bansll Ml Ut Sopih Piily Sabng bairsy i
-y SR kAt e el BAmatt

e

et

Loie =

6 HYDROGEN VENT STACGK TEMPERATURES

FLIGHT TIME ScConDs.

F\GNOo s"




T U SHI00USNPAL RA 0SS 33d TANVD NOILYIOSN| A0 NOLUVYPO1 L8 34ch S

Ry ROt pi iy FERPY & Fwbe SEOES SREDY Abdwy 24 y
4TI PRI IS S0 o7
{3 RS

ITTOIILY

i
1

¥

it

SR ety
IRy i L
e R i e
LT T
H
T
STH
I
spady
grsisst
.
Bt
1 1
ol [EE it ent
ey wangx
i
shti ;
Palrasis ] :
X Seoefasnd b S =
e teR jeaE] iyt
og) 4.fu
d e
i
1 fos
Jid7 3o g
24
Sk 1
i
pe=bt
..uﬂ«uw.au. e lieg? T2
. .
\ . . \



b2V YawLNID dOT  B/viL fDITS A FANSSIH UNAIUXT 1IN MAULEIDINT
T R "DIS— F L Lj1D11S ‘ m..ﬂ 240 m\,w\
OO2 OLI 0Z/ oL/ ‘oW QY Ipl O/ 02/ QN X/ ob R o4 0%

o2 o ({

o

——

peantet

sy gy

AR SS v Btk

TR TR
i

LU Lo Gl P ek te) r: o = i S IoTL T i s
St i : . - iy N S iy vpadee ' : [ iptianegidh H anwlfp yein - :
e b e Il

habennamie T N . oy . e . B e Y R e e
> N S apieg) oo Bl e S e 3
LiTIoT :

SRty b P

FoS Sapuiii SupipS o

Ak et it Sy
O e e s S

apttn

Wil

: SOTRS P4
ol g% Fnse S bR
2 AT P ey LS

4 P Sy

y
20 52 SEREE RLSSTE-SLICIIL L [H dRdH Feiiing REraazy

WN2ILX3 3NVE NOLWINSNTI

- 3200853d

T WISe




$-o¥V DOVAINZD o4 AWiL LHDI4 A 3A03S3Ad IWVUNITI0 1aNVD NOILVINGNT
. coas =AWl iynd ‘ §-6 FIOV/IS
QCZ 047 %/ 0L/ 09/ as/ O#/ Ogs 02/ O/f ©0/ 04 ©8 OL 09 0% QF O 02

Jin s poe 3T

T
PO EEaRogt

IR eh s RARES

RS PebEprnsys Aetey i

(RS §

RIS DR R

“ .

e

NG

33

(vl

5

e
AS

Hoso-

o504+

0
O
_ 4]
d 3nNva NOi

SN
s3add.

QoY/+

-t

Y

peiner

/f

i

IAmarn

RS+

et

Q02+

Hptan
-3
-

052+

S
?
2038334 WLN3DAA

THILITT

EEsta: ..,.u.‘mnuﬁ.n.
S onagg

N AL T el o
TATETA L L T
e d R e e T

pbass
Sadgl

g

Ui SeanP e i

LTI LTI

Liy

-

a3

B

o
4

i
i
pey]

" .All
T R T L S e NiEl S Gl e ] R Lh B
i1t { . pd ' . ol g S f d . ,,!u.f...:LA».iMDLL,TuJﬁM.

\



T DOV UOVANID T Yod T 3L LHIINA "SA 390SS3dd TVILNI 933310 13NVE NOLLVIOSNT

. ‘O3S AWl WIn4d~ T T T ol-6 2 977
cox 04/ 08/ 02/ O/ OS/ 0/ OE/ @2/ ol OO/ O ©8 OL 09 OF o OF 02 0o/ O

002 -

(s'E22 'V1S) -QEBEVD
(01g'V18) -db28 VD
.~ - SOV ViS5 )-dBESVD |

o
v

;
}
)

__._ vwo‘\n‘\|

i
f

007~

hpPed ..

L

Cyvsdog -
_NDINIASN, ]

PYNCSAYE

‘
i
!

7

2
P
=z
m

r

ANVd NOWLLYINSNI.

(«osuiar

-

ey

R

s -
P

s

el

TS e TSt




R
ParDlibers S

y Huwiﬂll.,

35

sy
PSR

poy
Ty

g ey sstiae




v Al - . -

. Nv.,bw. IUNTD va SWIL LWS17F SA ZIOLEIIINIL FQSNI  1INMG NOILIZIOSN/
| CUTOIS SawWIL ey 216 2YT7D/S
. o0Z2 O& ©F9/ OL/ ©9/ OS/ Ob O/ 02/ O/ O ©bh OB 0L 09 @ 0P O 02 0o/ Q

%

So = 330LVI3dW3IL D0I1SN] T3NVG NolLYTOSNT




L-2¥ VAVAN3D 03  3IWIL - LU\ “SA IVOLVE3INIL IOISN 13NVA NOIIWIaSNY
A ©'938 -3WiL Loy gl-6 20070
Q02 okt 08r 0Ll O Qs/ o# O8I o2/ ©/ 00/ 0p O8 OL ©2 oS Op OF O2 Of

0

co-

Q
R

H{12e0viST A BET YD

Titoge:

9
9

oze-

0
0

TINNG .

F

fn

doLvY3dWIL 2QISN/ UINNG NOWLVIASNT

113
Q
%
3

o3z- O

4

e EET e R L PP

TN Tty
i reeeion -

iy 12 ity

Lo nib gy




3 3 . - . 1 - . *

Y powIN3D 204 s ..uﬁ_,:.,_.;.‘p.:u:u SAT FA0IVIIAWI L F0ISLOQ 1ANVd NOLNVINCNT
S Taag =IWIL LHONYT T T T T e A0S

ooz ok 08/ 02l 03/ o5y O¥l 05/ 02/ O/ OO/ Of 08 OL 02 OS Op OF Oz O/ 0 )
. . | /o

o .
\§~

(SHETWS) ASTEED.
(12€-ViS) LE0LY -
- {og ¥ S

Y

O
0

Py ‘MI.JTH-“.. =l

)
o~

N

NI ERY

T

sk

¥

'
oot

Bk

T,

1

A
[P YRS St

ot

P e |

— 330LVA WAL F0ISLNQ I3NVG NOLLNINSNT

do




bl DOMLINTD FOF FNIL LPI7T A FFUUNTINIL

238 =awW\L 1H91014

FoISLOXD 737

002 04/ 09/ 2L/ 09/ 05/ OF/ O£/ 02/ O/ 90/ O ©08 ©OL O? OF OF oL o2 o/

Nd WolL20SN T
Gl -6 XL/

AP

T
il

4

lww.;l.W

Tradie

33 Sebet SEOE

O

e TIPS

o3

IS R IIITITLTII LI T T

Tyt e -

proepiuiy

IUATIE

[S DODNE. AW DIty Al Pt So
PBES Riby e rpt Dpeae

P

?Hn. .

g ] A

L

BN

£

ATYL

T
phdsua

ey

A-e
T

11

IEage

i
et ERpis fantt )

Reps

(
T3 ere s

it

TS

- B304V 3AWAL 301SI0Q I3NVY NOULLVIASNI

e ~



y ~ - : )

Racld QSESQ 207 FWLL LT TOLITATINLL LIV NOILLUTO SN 30/U0Q Q3L Gd
nl T e i bhw% \‘N\a\\l\\ ,.h\\\U\N\ . 9/ - -6 227D/

oz 04s 99/ otr 0/ oS/ op/ ©E/ 02/ o# ©0/ 04 O oL 02 OS OF 0E oz 0/ ©

oww ,”fw;_,@uﬂ p.ow,ﬂu; e

3

5T e N2 A0 AVEdgWaLT

NOWLVINSNT

.ui..ramsw ACAl c.wku,awma

T‘X.vo.
TEgi

e es o

SIS

okl

CSLLID L TR

,.Muozwwwea.o.wmle uo

R as o Tl (SRS g ‘..u.,

zo,_wwm,..uz

3
)

SANO 1INV

3awW3L 20!

- FANLY

de




Yoo VOHUNF) T J0S FRLL LHO7T SA FIOLWNAIYWIL FTISLOD TINNAL D I)Fi

, OIS - AmiL Lypond T LIS 3Xres
o2 QL) I3/ 0L/ O 0S5V Of/ o/ 02/ O/ o0/ 0L OB 0L 02 @5 o0¢ O O2 o/ ¢

a

B

w#..l,..;uhw..,ai 7T T = : . . . .‘ : o : QN

=4
1.

oo/

oz/

j
+e

PRERRvY o

op/

k3

0
o8/

0oZ

1L

doyd g’
Lerdiy

+

-
L

FIINAL IQISLOQ “IINNAUL DN

~ " Pa0LH

o




b-Ov VNVANID wou TAWLL AMDI CSA 3uaayy3dwal 3015100 DNIZIVY diad L3S0
238 -3wlL LW ‘ $1-6 cEerys

cS/ Ol 02/ OS/ Ops Qcl @2/ 01/ 00/ b O ©OL 02 0\0 oF O 02 O/ ©

ooz 0L/

o ?o\ .SQ .vaﬁ_lwljwl

T 96E p4S) g2V - ‘
: «wmm.ﬁﬂ .wwq<u I¢II¢L

SOSN T

F A3INVe NOILY

v

NOS 11D

d oWnd L500d

- 3J0LYY3uUWAL 30I1SL00 HNIBIY

2o




Pol FAMIATL) YOI IVeL LpD17F I INALUNIAVIY ICIELOG) DNty L2050 mr
EE 030 = FIWIL LHOI7S o LI-6 X2/
ooz 0dt 03/ O/ 0 05 opl/ 0/ 02/ 91/ GO/ 0b 08 9L 09 OF oF OF oz ¢/

o

Vo

Zlee

& FOUMINSNT.

3Ny

[ haathd

jpivisngel

ol s papha vy &

vioT e

Bpegtasiieg e
B} SovSatuind s Snd
RSN S o ab it iy
i Tae T T To

SLREL

. P gt BTN nY pheagw T : : ;o T T

oy : . ! 504 : . ! 1 : PSR AR R mY !
DLy - . T e p ) : jphse A h SRR [35%

[Ery ey abaye b . : { :WQ;.L, pavtassiapri : g L ! N - H Pt L]

0153

o
)

& & ) 3
TTTU T 4, — J@uMalgwial 3018L0p YNITIVY

N



» - - . . -

TpDl NI WL WY AH9IT] TP SANAL@NIGYAL K00 GV NOILYnoLI] QO VA
E S N 7 57 o A OZ-6 Fovis

o024/ 0 ) oL i

08/ 0L/ 09/ o5/ opl 0fr ©Z1 0l 00/ 0L 08 L 9 oF ©op o 02 oI O

e P

SNL.. |

NOVLYIN

‘
N

BT YaAvd

V. b0t

TN

A.Hngg.,. s S e SR e Nt N O e e R B S R G P N N L

N

ot

13

NSIIING

TMNNE ] R

e

DO’IE

Wa) X

SF0Lv 39

Je




.\.,\%R FLANIWNON Y LSV IZUSHTY FopLLS TZUNT 7-Df

C2E L HLZLSTT MQ%\ woLLos JO& LA/ @ O L
\A.\.. X : A - X l2-6 2219/ S \A +

! Y Va4 daioh “ ,,,,, 77 T &7 ‘ /7 T &2 L aend
NLa73 20N _ : T
m . i B , . ! |
icgesss | h
- ﬁ , | _ 1 AL
, L. A . V-
1&eS : : Py v | i | P ’
u b o | BN
.w P | BresHy D LizZHY Y
. ! ! ot | ! 1 i
TL 267 : i : _ i "
1 ' ; i i
Jﬂ ! i a sOPiuY O L2222 &\ VIQ 4L Y ..
90 Z8 SR SRRtk AR TR It N .
S Loy GZI2/HT T prased|y W
) . ! . ] :
| 2 | |
\ 0878 | | Ls284¢ Y Lsezuy Y |
; ' | ;
__ RIS | | o vl |
A . _ LG MY Y LPBZZYV V| LezeNy|v |
60 0s# ” ; i . - -
b Pl
: Lo Liz22 WV
.N\\;vmqv i | u . i r _ | i
LABZYY VL L
vrorp NN .
‘Tp S B THIE s o 1SS SRS ZE RO Yz RTLT Y2 e R S R v T & W 1 wwor's'e Lo vz

-
PTEEE R
ey

”



%

PSP DL W%%Q\\&\.WK. FFONINLS NFUAHT FONLEHZLNT 72-fy 27D/
S TS o~ TVL LAy 7

o#

PO S

e ra

- 4 -
BRESLE I S@ I

o 4..

YD U SO S|

i
UL e e e Co [ T ey

.[‘.h“““*\‘h‘

ey

[PUTENG S N

Y DU bt

\§

X ZON/LS

- SRR S

58 BB Somterdia e tmaiiias o sy Rokend o el o

- “. I*nf\v\ - ,\..I.IA

; - : . s - : [P POty
et . D P § s vl bed b1 L - - PO SO
N . N N i e e s ﬂ.)iTL.‘

D SR ST S

I SeSire oty atee.A

. Mukm.w 14Tu.w.|,.«4f ! - ‘-
L otinith S B P AN S OUOS S UUINE N a e T e S peene
1

h

o e an A R
ERSAY Paipii Eurn it hubi
e s Rt

Q
Q
N

Ao ~ TP LK FTF T L

RSN

3
[ROvhtow
R Soniuitts ol AN
WO S r..|0'+ P,




SOl I TYNGALIDONOT  DFON/XLS TN LTS Bl L
o IL SIS NTL YT LS T FTOLLE N ZUNMET WL X QU-b FTL

VS T TN TS LS L LS
DSz

- gy e

e 5w

- f.,l{.vf PR Sy

5 QR NN

>z

I e , ERNRE SRR s s St

(s

e

Tl D

Cerag

Wit it i bs et

e «rww..vae :
g

A~ F XL N TS VTL



BT LHPI TS GULET FAVUESZANTL NS NFUSETE FOYLSHFTLNT Tl TS

A .
DOPES —~ UL LSS T S
QN\. oor o

A e ety o Ay e e 2 S e

Rk - . -

N - + .-
ke Sedi Mo i ;
T e

1

w..&.;! ST
Ehii o} Rainield swwlby

QR DAL ¢

ES PRSPPI |

T S FINVTL NS

i

e b

P e &

R N

B ARl Peo b AR [V SRS NS UP TN O RN U Sy ! . b).(vﬁif..ﬁ.rullrtnrv..oo‘WN




SECTION 10. VEHICLE DYNAMICS AND VIBRATIONS
B S A N TR S R

[ K N
SUMMARY
During booster phase of flight from launch to BECO low frequency

PO R QI o

oscillations were quite low and this flight, as in AC-3 flight, was
relatively "quiet." Longitudinal and lateral oscillations were very
similar to those experienced in AC-3 flight except that a possible long-
itudinal to lateral coupling took place.

The AC-4 flight vibration environment was similar to both AC-2 and
AC-3 and was well within expected levels with the largest vibrations
occurring in the interstage adapter.

Low frequency dynamics longitudinal and lateral oscillations during
booster phase from launch to BECO were of low level on this flight and
compare closely with those experienced on AC-3.

Three forms of longitudinal excitations were again evident as they
were in AC-3 flight. Liftoff perturbations from Atlas LOX pressurization
instability occurred from launch to T + 12 seconds and were of 12 cps
with & maximum of 0.15 g single amplitude. POGO type oscillations took
Place from T + 80 seconds to T + 92 seconds with a maximum of 0.12 g
single amplitude and at 11.5 cps. A one second transient of POGO oscilla-
tions at T + 135 seconds and more 11.5 cps POGO from T + 146 seconds to
BECO at a maximum single amplitude of 0.12 g occurred. An approximately
90 cps oscillation during BECO transient was evident from the axial
accelerometer data and lasted 1/10 second. This perturbation at engine
cutoff was at a single amplitude of 0.53 g. The Atlas roll rate gyro
data also showed this excitation at the same frequency and amplitude.

A bargraph of thesé occurrences is shown in figure 10-1.



Iateral bending was of very low magnitude being less than that on AC-3
flight. Figures 10-2 and 10-3 show predicted first mode shapes normalized
to Centaur rate gyro outputs at station 173 in the pitch and yaw planes
at T + 112 and immediately after BECO. As can be seen the deflections
are very small. TFirst mode lateral oscifllations were not evident on the
rate gyro data prior to T + 100 seconds of flight. However, lateral
oscillations of a higher modal frequency than the predicted first mode
occurred. These were of approximately 6 cps at liftoff and 1/4 g peak-
to-peak at Centaur forward end. It is possible that they were induced
by longitudinal excitations and coupled into the lateral dynamics. Con-
siderably more analysis will be performed to ascertain the cause and
possible effect from these higher modal perturbations.

VIBRATIONS

The wibration environment of the AC-4 flight was simllar to both AC-2
and AC-3 (Table 10-2) and was well within expected levels. In general
the largest vibrations occurred either at laynch or during the transonic
region (T + 50 - 80 sec).

The largest vibrations occurred in the interstage adapter during the
transonic portion of flight. Measurement AA164 (panel radial Q] and Qg)
indicated 96.5 g's peak-to-peak (P-P) after 61l.4 seconds of flight (Table 6-1).
The largest vibration in the propulsion area was measured by CA 398 (boost
pump fairing S407 12R) at 91.6 seconds peak-to-peak value being 13.75 g's.
CA392 (wire tun ACC S223.5) indicated the lmrgest vibration in the equipment
area (24.9 g's P-P) at 79.5 seconds (transonic region).

A sample spectrum analysis (Bruel and Kojer 1/5 octave analyzer) was
performed (40 to 1000 cps) on the output of the accelerometer located on

10-2




oTuosuBIyl ‘%29 - F~T9 G°96 |9°L8 -~ 8°98 | ¥ P2 dYOTVY m@ pue N@ Pex Tsueq
uosTy4el x83800q €L°2ST - L'TST ¥°6S qoune] | 8°2% | ATITVY 2p pus Tp pex xs3depy
uosTygef Burarey osou ‘F:2T2 - ¥ II2| S9°S OTUOSUBIL, PG*8 bEPSYD Ty %6Ts 00V TSI aWn
uosT33af Jurarey esou ‘G T2 - S TI2 | ¢8°'T dStuosumxy, | 2°T b L2vD 2 3yd oxf3 g/y aeoN
9°.22 - 9°922 29°G v°g & 92vo sTxe-Y junom AIs4geg
d-d d-d
o8s s,8 o9s s,8 Jaqumu
‘emty, =0V ‘owrry, ¢~V | 3usmamseoy UOT38007]

SNOT.LVYETA WORIXVA 7-0V QNV €-0V JO NOSIYVAWOD

¢~0T HI4VL

10-5




*T-9 2andrg o9s ‘pamroiad sem sTsATeur L3Tsusp TwIroads hosbm*
009 - ofzz-sg L°26 - L'T6 43920 saTeA 0/g HI
Tauusyd BLEP
UO ¥[B} SSOJD SATSSAOXH| 022 - 0|8y cI S*66T ~ G*86T b6STYD 021/0gTs Sutx peoTheg
uoTgdex oTUosuUBAL| 009 - O] 6°F%2 08 - S°6L b26eyD G°g228 *o0B ToUUNG SITM
009 - 0|s9°¢g $°212 - ¥°TI2 dSTSVD T® weTg *00® *TST -qup
998 g0*0 Pegser danq 3xo0ys| 000T - Of S°T 8°L0Z - 8°902 b £8%D o0¥% stxB-£ -gqerd -pInY
4mmo 07 ‘uostaaal Jurarey ssoy| 000T - 0]¢8°T §°2T2 - S'T12  |b L2vD z 9@ oxk8 g/y amop BOI®
000T - 0}29°'Ss 9°.22 - 9°922 b 92vD STX®'-X qunom Arsgeq quawd by
000T =~ o|2F% 8°S0S - 8°%0S $9S8dD s8uery dumd 4s00q XOT
UoTIoa oTUOSURLLf 000T - OfT8'¢ ¥°6S - $°83 GTO9VD 309s-£ Jedu jonp 2H]
009 - of|sLr¢eT 926 - 9°16 b86S VD [H3T LO¥S Butarer dumd gsoog
098 Z + SHW] 008 - O)¥%° L L°882 - L°Lg2 dSSTHD stxe-£ Syd and PAY 2-D
, . 009 - o|se L T°¢Sy - T°2¢F b2STHD stxe-£ 3yd amd vLy T-D
008 - O} 2'TT T°0%¢ - 1°65¢ GTOTHD stxe-z 33d and phAH 2-D
980T Sem o xBoT®
Touusy> el®P 0998 §°TSS = If 000T - 0Ofss'T 9°8% - 9°L¥ d TSWD IN TBQWIH T-0 uotsTndoxg
uordax otuosuwiy ‘*baxy yItHl 0002 - O S°96 $°29 - ¥°T9 dVITYY
002T - 0 MOT 009 TaAST T®UITS[beoTVY
uotjeredas 48 sem
estou £13som dang qa0yg] 002T “ 0| 0/v *JopP 9TqISTA ATUQ [b29TVY (Tetpex) x93depe
‘baxy udty ‘-39( -gsoog) 022 - o] $°6S L*2ST - L°TST GTITYY 98e1sI99UT SY3} UO Pa9BOOT juswdrnby
sdo gr9q Sy - ofjse 8 8'2ST - 8°TST bSITVY stxe-z Joqdepe o93e3SI9qUT
sdo J9q
‘Lousnbaxg ~-umu
Teuurys| J-g quaum
© myep | ‘s,8 pELS -aans
S4USWWO ) Jo pueg| - xep ‘omTty, S UOT2BO0T

SNOTLVEdTA WONTXVI

T-0T ¥I4VL

10-4



the C-1 engine gimbal mount (CA31l). The time of analysis was from 47.6
seconds after the launch to 48.6 seconds. The vibration environment con-
sisted of both sine and random; the overall level was two orders of
magnitude below the qualification level. Iiargest energy concentration

was 0.0036 gzrms/cps at a frequency of 400 cps (Fig. 10-4).
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FIGURE 10-4

AC -4 VIBRATION LEVELS
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SECTION 11. GUIDANCE

The Centaur guidance system (MGS number 24) was calibrated on F-1
day and power was applied to the system throughout the night, On F-0
day the system was recalibrated and the shifts in "d" parameters were
well within the run-to-run specifications. At T-90 minutes a momentary
dropout of inverter power caused the guidance power failure indicator
to illuminate. The computer was recycled off-on and "D" and "J" terms
were verified., There was no change in value of the terms which are
stored in the computer temporary storage. Real time data from the KSC
computer verified the U and V gyro constent torque terms (D10 and D13).
The W accelerometer terms were verified by a 10 minute count of the
AV's. The azimuth optical alinement system performed satisfactorily
during the AC-4 countdown.

The following teble includes a list of the individual packages

comprising MGS number 24, their serial numbers, and the skin tempera-

tures,

T-5 T-1000
second, | second,
o

F oF
Platform S/NG7 | 6.1 85
Plat. Elec.| S/N G8 | 48.2 70
Sig. Cond. | S/N G8 | 40.0 46
Computer S/N 007 | 42.4 73
Coupler /N Gl2 | 47.2 81
Comp. I/0 35.0 73




The temperatures prior to launch are significantly lower than those mea-
‘sured on AC-3, although they are within the specified limits. The in-
ertial component heaters were controlling throughout the flight. There
is no indication of maximum heater current and no anomalies were apparent
on the available telemetry signals.

The airborne computer does not generate steering signals during the
booster phase of flight; therefore, the resolver chain input signals
are maintained O volt. At BECO + 5 the steering signals are generated
which is indicated by the U and W resolver chain inputs increasing to
9.20 and 3.78 VAC, respectively. The V resolver chain input remained at
O volt indicating no cross range change throughout the first 500 seconds
of flight., The X and Y resolver chain outputs shift slightly at T + 158
indicating guidance has been ensbled and is now sending steering signals
to the Atlas autopilot. The resolver chain outputs do not null out which
would normally indicate the vehicle was not steering to the proper
vector; however, the analog data is drifting and should be rerun in order
to determine whether the guidance system provided proper attitude control
during Atles sustainer and Centaur burn.

At T - 7.6 seconds the U, V, and W gyro torquing signals change sig-
nificantly indicating the guidance system has gone to the inertial mode.
At T + 214 the W torquing trace shifts indicating an equivalent change
of 1° per hour.in W torquing; however, the digital data does not confirm
this change in torquing rates. Using the in-flight torquing equations

and the "d" values obtained from F-O day calibration, it was determined
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that a 3 g thrust acceleration in the W direction would be necessary in
order to change the W torquing rate 10 rer hour. A histogram of the
AV, counts is not available to confirm such an acceleration occurring.
It is significant to note the change in torquing occurs at nose fairing
separation. There is also a change in W torquing equivalentto 0.3° per
hour at the time insulation panels were jettisoned. The U and V torqu-
ing traces did not change at either of the occurrences. Figures 11-1
through 11-3 are plots of the U, V, and W torquing pot inputs from the
computer for the first 450 seconds of flight. An attempt was made to
plot the torguing pot outputs but the analog data must be rerun for a
better evaluation. Figures 11-4 to 11-8 are plots of the thrust
velocities obtained from the digital data.

Telemetry signals of the gimbal torque motor inputs do not indicate
any large f;ansients during the Atlas or Centaur phases. At T + 4
gimbal number 1 reflects the start of roll program and at T + 15.4
gimbal number 3 begins to drive in response to the piteh program. Girmbals
number 2 and 4 indicate roll gimbal uncaging at T + 53.4; whereas the roll
gimbal uncaging signal went off scale at T + 53.1. Both of the indica-
tions are close to the nominal time of T + 53. From T + 144 to BECO
gimbals numbers 2, 3, and 4 oscillate at 1.6 cps which is indicative of
Atlas LOX sloshing. Between BECO and SECO gimbal number 2 oscillates at a
frequency of 0.75 cps with a p-p amplitude of 1 volt. At MES gimbals
numbers 1 and 3 begin to oscillate at a frequency of 0.20 cps which is
characteristic of rigid body oscillation. From MES to loss of telemetry

gimbal number 2 oscillates with a p+p amplitude of 1 volt and a frequency

11-3



of 0.50 cps which is characteristic of rigid body roll.

Further analyses of telemetry and digital data must be made in
order to determine how well the guidance system performed. Since this
was the first closed loop flight a comparison should be made between
torquer pot inputs and outputs from the time guidance was enebled. An
analysis of the resolver chain outputs on the telemetry reruns will be

made to determine whether or not the system steered to the proper vector.
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SECTION 12. FLIGHT CONTROL
SUMMARY

Preliminary analysis of telemetry data indicated that AC-4 control
system performance was satisfactory until T + 840 seconds at the start
oi."LH2 venting during the first coast period. Observed responses during
Atlas boost and Centaur first burn followed closely predicted limit
cycle frequencies and amplitudes.

ATLAS

At lift-off, a high frequency vibration near the natural frequency
of the second bending mode (35 rad/sec) was observed in both pitch and
yaw rate gyros. Peak-to-pesk amplitudes averaged 0.1° per second in
both planes and decayed in approximately two seconds after lift-off.
Similar oscillations have been observed in the AC-3 flight.

Following lift-off, the Atlas booster flight was smooth through the
entire atmospheric ascent. No transients or oscillations of unusual
megnitude were observed from telemetry until BECO when the Atlas roll
rate and pitch rate gyros showed a diverging oscillation at the limit
cycle frequency of the Atlas LOX sloshing mode. The diverging oscilla-~
tion started at approximately 7 seconds prior to BECO, reaching péak-to-
peak rates of 3.47° per second in roll and 1.18° per second in pitch at
a frequency of 9.8 radials per second as telemetered from the Atlas rate
gyro. These oscillations discontinued with the initiation of BECO.
Figure 12-1 shows the time history of the vehicle responses at BECO.

Root locus analysis had predicted an unstable limit cycle for the

Atlas LOX sloshing mode prior to BECO. Analysis gives the engine limit



cycle amplitude at approximately 0.82° peak-to-peak. Figure 12-1 shows
that the booster number 1 and 2 engines at a maximum peak-to-peak
amplitude of 0.8° and 1.1°, respectively, indicating that if the BECO
discrete had been delayed, further divergence would have stabled out
near these amplitudes.

The coupling into the roll plane, however, had not been predicted
by analysis, but has been observed on the AC-3 flight. Figure 12-2
shows a comparison of roll rates as measured by the Centaur roll rate
gyros. Prior to BECO, the primary difference in the autopilot configur-
ation is the operating gain (X,) of 1.0° per degree; an increase of ap-
proximately 15 percent over the AC-3 position gain of 0.87° per degree,
Consequently, larger amplitudes are to be expected over AC-3 responses.
The table below shows a comparison of autopilot, engine, and sloshing

parameters between AC-3 and AC-4.

AC-3 AC-4
BECO (BECO discrete 147.8 sec 148.8 sec
Ky Position gain .87 deg/deg 1.0 deg/deg
5 . |Engine limit cycle .70 deg .82 deg
"amplitude (peek-to-pesk) .
Warox |[Atlas LOX limit 9.8 rad/sec 9.8 rad/sec
cycle frequency .

The pitch/roll coupling appears to indicate a circular slosh
phenomena occurring in the Atlas LOX tank. Telemetry shows no diverging
oscillations in the yaw plane which might be expected with this type of
sloshing. However, the primary source of booster-phase roll control

(booster engines gimbled differently in yaw/roll) are complemented by a

12-2




sensitive vernier roll control moment which effectively reduces roll
limit-cycle amplitudes caused by booster engine dead zones. Also, roll
signals into the booster vernier engines are not led through an
integrator-filter feedback network. As a result, this autopilot con-
figuration tends to null out small oscillations in roll with the
vernier engines.

Following BECO, telemetry shows small oscillations in rigid body,
first modal bending, and Atlas LOX sloshing. The Jjettisoning of in-
sulation panels and nose fairing excited the first bending mode as ob-
served from the Centaur yaw rate gyros. Peak-to-peak amplitudes were
very small (0.1°/sec). No oscillations were observed in pitch due to
the above events. Figure 12-4 shows a plot of predicted and flight
test frequencies from liftoff to SECO. The predicted frequencies are
limit cycle frequencies as calculated by time-slice studies using root-
locus techniques. Flight test frequencies are those observed from
telemetry of yaw and pitch rate gyro outputs.

SEPARATION

SECO/VECO discrete was commended at T + 224.3 seconds. During
Atlas/Centaur separation, T + 226.7 seconds vehicie rates were
O.O7O/second pitch, 0.02°/second yaw, and 0°/second roll, indicating
smooth separation.

CENTAUR

The observed ignition transient was the smallest recorded to date

(see Fig. 12-4), indicating small differential thrust build-up of the

RL10O engines. Observed rates were O.SBo/second yaw, 1.02°/second pitch,
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and l.l7°/second roll. Centaur powered history was smooth and no

significant oscillations occurred during the remainder of the flight.
From the Centaur rate gyros, frequency data was obtained and plotted
with predicted frequencies versus flight time. Figure 12-5 shows the

good correlations between the predicted and flight test data,
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SECTION 13. ELECTRICAIL SYSTEMS
SUMMARY

The airborne electrical systems provide onboard electrical power
storage, conversion, distribution, and protection, as well as fulfilling
the requirement of instrumentation, telemetry, tracking, and range safety
command systems. The electrical power system adequately supported the
flight, with all redline measurements within the specified limits, and
all other measurements at the expected levels. The telemetry and range
safety systems experienced no malfunctions during the flight. The instru-
mentation exhibited reliability typical of such systems, with 95.6 percent
of the planned measurements yielding valid data. Performance of the track-
ing systems was nominal.

ELECTRICAL POWER SYSTEMS BOOSTER MAIN
BATTERY AND INVERTER

The Atlas battery voitage at the preflight load test was 29.3 at
T + 10 seconds and increased tc 30.2 volts at T + 400 seconds with momentary
0.5 voit dips at pyrotechnic firing. Inverter frequency was 402.1 cps at
liftoff to 402.5 cps at SECO. Phase voltages remained fairly constant at
114.8 to 115.1 volts, corrected values. Main load current was 62 amperes.
Staging disconnect receptable temperature was 32.4° F at liftoff and 8° F
at separation. i
CENTAUR MATN BATTERY AND INVERTER

The main missile battery voltage was 28.4 at liftoff, had dropped 0.6
volt at T + 240 seconds and then returned to its original value at T + 800.

During the fligh%, the internal battery temperature rose normally from



102° F (T - 0) to 124° F at T + 800.

The inverter output frequency remained essentially constant at 400 cps
throughout the flight, with phase voltages that varied less than 0.6 volts.
The inverter case temperature rose from 83° F at liftoff to 150° F at
T + 800.

During the countdown, the Centaur power changeover switch exhibited a
momentary malfunction. The reason has not yet been established. Atlas
wire number W185A20 developed & short circuit, and was removed prior to
flight. A spare wire was used in its place. A temporarily poor contact
occurred in a Destructor Simulator Fuse clip during RSC checkout. It was
repaired,.

INSTRUMENTATION AND RF SYSTEMS
SUMMARY
A. Telemetry/Instrumentation

The operation of the Atlas/Centaur telemetry/instrumentation system
was satisfactory. Date has been evaluated through T + 1100 seconds.
Data quality was generally good with the exception of channel 11 on Atlas
RF number 1 end channel C on Atlas RF number 2 which were noisy. Eight
measurements failed to yield date and 20 experienced various anamaltes or
failed during flight. Nine other measurements were deleted prior to
flight.
B. Tracking

C-~band tracking of’the interstage and upper stage transponders was

satisfactory during launch phase and continued for approximateiy‘srhours.
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Azusa/Blotrac tracking of the Centaur/Azuse type C transponder wes
satisfactory with multistation ccverage throughout the entire Atlas/
Centaur powered flight. In addition Glotrac Segment IV in South &Pfrics
acquired and tracked for approximately 50 seconds. i
C. Range Safety

The range safety systems on the Atlas and Centaur maintained capa-
bility of disabling and destroying the vehizles if required. The Cen-
taur range safety system wuas in-flight disabled by command at T + 601.5
seconds.

- TELEMETRY AND INSTRUMENTATTION

For AC-4 four VHF telemetry links were carried on the Centaur stage.

R 1 225.7 microns, 4 waths power
RF 2 235.0 microns, 4 watts power
RF 3 243.8 microns, 4 watts power
RF 4 251.5 microns, 4 watts power

Two VHF links were carried on the Atlas booster.
RF 1 229.9 microns, 3.5 watts power
RF 2 232. 4 ﬁicronsy 3 watts power
Telemetry coverage from the ETR stations are shown in Figure.1§;la%egna
tinuous coverage was obtained from T - 420 seconds to T + 3030 seconds
with the exception of 91 seconds from T + 1101 to T + 1192. The follow-
ing ETR stations supported the test.
Station 1 -‘Telemetry IT at Cape Kennedy
Station 3 - Grand Bahama Island
Station 7 - San Salvador Island

Station91- Antigua Island
13=3



Lima

Timber Hitch (ship located approximately 14.6°
north latitude - 42.7° west longitude)

Station 12 Ascension Island

Whiskey - Coastal Crusader (ship located approximately
19.0° south latitude - 10.0° east longitude)

Station 13 - Pretoria

Yankee ~ Sword Knot (ship located approximately 29.0°
south latitude - 53.0° east longitude)

Uniform - Twin Falls (ship located approximately 31.0°

south latitude - 78.0° east longitude)
- In addition to the coverage by ETR the four Centaur telemetry links

were recorded by the following stations of the Manned Space Flight

Network:
STATION COVERAGE DURING FOLLOWING
REVOLUTIONS

1l. Cape Kennedy 1l and 2

2. Grand Bahama Island 1l and 2

3. Grand Turk Island 1l and 2

4. Bermuda 1 only

5. Antigua 1l and 2

6. Timber Hitch (ship) 1 only

7. Ascension 1 only

8. Coastal Crusader (ship) 1 only

9. Pretoris 1l only
10. Tananarive 1,2,3,4, and 5
11. Sword Knot (ship) 1 only
12. Twin Falls Victory (ship) 1 only
13. Carnarvon 1l and 2
14. Hawaii 1,2,3, and 4
15. Saint Nicolas 1,2,3, and 4
16. California 1l and 2
17. Gusymas 1,2, and 3
18. White Sands 1 only
19. Texas 1l and 2

20. Eglin 1 and 2
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The four Centaur links were in operation for a total of 6 hours and
45 minutes. Acquisition was lost on the fifth revolution between Tana-
narive and Hawaii.

The number and type of measurements planned for AC-4 by airborne
system are shown in Figure 134, Tenlmeasurements of telemetry systems para-
meters were made on AC-4. All yielded valid data. Temperatures of the
four telepaks were normal varying between 53° and 75° F during the time
for which data was available (T + 1100 sec). Telemetry battery current
was 20 amperes as éxpected, and decreased to 18 amperes when insulation
panels and nose fairings were jettisoned and decreased transducer load.

Multiplexer temperature variation was normal (45° to 75° F). Ther-
mocouple reference Jjunction temperature varied from 29° to 40° F; rate
of change was slow (O.5°F/min). C~1 forward instrumentation box and
C-2 rear instrumentation box minimum temperatures were 10° and -10° F,
respectively. During Centaur burn, these temperature levels were expec-
ted and are 20° to 300 warmer than on AC-3. Aft instrumentation box
temperature dropped from S5° F at T - O to 50° F gt first MES and stsa-
bilized at 45° F, well within transducer design limits.

The following measurements were deleted prior to flight. None were

easily accessible for repair prior to flight:

CA744S Tank Strain Station 225
CA757s *  Tank Strain Station 402
CA759S Tank Strain Station 4062
CA408T Outer Nose Station 72
CA857T i Aft Bulkhead Skin

CA866T Aft Bulkhead Skin

AA1T76S Strain at Station 582

AA919T Temperature at Station 575

AA925T Temperature at Station 614
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The following AC-4 measurements yieldéh no data:

CA2650

CA310

CA451P

CH152T

CH153T

CM810V

culzX

AS338X

ILHs Boiloff Valve Accelerometer
Falled to respond during LH2 vent

C-1 Gimbal Mount Z-Axis Vibration

- Excessive noise peak to peak

Nose Fairing Delta Pressure

Read zero pricr to and throughout flight

C-1 Hydraulic Insulation Adapter

Off-scale low prior to launch and throughout flight
C-2 Hydraulic Insulation Adapter

Off-scale low prior to launch and throughout flight
Air Force CRL Spectrometer

No output received; not functioning properly prigr
to liftoff

LOX Level Station 433.55

Indicated dry condition at nose fairing jettison
until T + 860 second when it sgain read wet -

Insulation Panel Jettison Command

Discrete signal not evident on telemetry

The following measurements yielded data until insulation panel jett-

ison. At that time aspparent wiring damage or detachment from tank skin

caused each to go off scale.

CAS540T
CA7585
CA826S
CA830S8
CA832S8
CA609T

Tank Skin Temperature Station 310
Tank Strain Station 402
Ring Strain Station 408
Ring Strain Station 408
Ring Strain Station 408
Tank Skin Temperature Station 248
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Two temperature measurements failed during flight. Measurement
CAS37T (tank skin temperature Station 302) operated normally until T
50 seconds at which time the trace went off scale low indicating an open
in instrumentation wiring. CP29T (LHz boost pump turbine nozzle box
temperature) went off scale low at T 610. Valid data was obbained until
that time.

Measurement CP28P (IHp boost pump turbine inlet pressure) displayed
excessive time delay, due to potentiometer contamination of wiper link-
age. CP28P indicates pressure rise at T 219 when actual rise took place
at T 210.

Traces of the following measurements indicated inadequate thermal
bonds to propellant pumps:

CP123T C-2 engine fuel pump temperature
CP125T C-2 engine LOX pump temperature

CP123T was erratic prior to and during MES. CPl25T required 50 sec-
onds to indicate the 100° drop in temperature at MES while the similar
measurement on the C-1 engine showed a similar drop in less than 10 sec-
onds.

The following temperature measurements indicated increased temper-
atures at insulation panel jettison probably due to varying degrees of
bonding failure: It appears that these measurements may yield erroneous

data after panel jettison and will be further investigated.

CAS543T Tank Skin 5318
CAS44T Tank Skin 8320
CA546T Tank Skin S326
CAS47T Tank Skin S328
CA549T Tank Skin 5334
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CASS1T Tank Skin S338

CA707T LHy Sump 5387

CA495T LH, Sump 8393

Tracking Coverage

ETR radar coverage is summarized in Figure 13-2. In addition to
the ETR coverage, radar track was obtained from the Manned Space Flight
Network from various stations up to 9 hours and 15 minutes after launch.
No observations have bheen repcrited from the SAO Network or the Stadan
Optical sites. It was estimated that the vehicle burned up during
reentry over the South Pacific Ocean at 12:05:30 Zulu on December 12,
1964.

Azusa and Glotrac tracking is summarized in Eigure 13-3.

The AC-4 Flight Plan and Data Coverage are indicated in Figures

13-5 and 13-6.
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APPENDIX A
ATIAS 146D (LV-3C) FLIGHT TEST RESULTS

The Atlas booster with Centaur second stage and Surveyor payload was
launched on December 11, 1964 from complex 36A of the Eastern Test Range,
(ETR) at 0925 hours 02.55 seconds EST.

During the countdown the Atlas main missile and telemetry number 1
remotely activated batteries were replaced due to low open circuit volt-
ages. All other Atlas subsystems functioned satisfactorily.

At lift-off and during the booster phase of flight, all Atlas sys-
tems functioned satisfactorily obtaining the desired flight trajectory.
Minor Atlas functional deviations indicated in the P/U system, hydraulic
system, and flight control system data are covered in the detailed sub-
systems data evéiuation.

The remainder of this report is in two sections. Part 1 is a com-
mentary review of the individual systems performance during flight.

Part 2 is a summary of selected data points for significant measure-
ments and events.

Part 1. - Systems performance commentaries (146D) flight control
systems. The flight control system was satisfactory in all respects
except for an unstable condition just prior to BECO.

Lift-off occurred at 14:25:2.55Z and appeared normal with respect
to previous flights of this type. The vehicle rolled 0.74 at a rate of
0.99/sec at lift-off, but this is not abnormal.

Seven seconds prior to BECO, the pitch rate and roll rate gyros

showed a diverging oscillation at a frequency of 1.5 cps. This oscilla-



tion continued on until BECO. General Dynamics is conducting a math model
evaluation to determine the source of this instability and expects to have
an answer in January. The maximum peak-to-peak rate was as follows:

Pitch - 2.34%/sec

Roll - 4.6%/sec

Yaw - negligible

isturbances noted.

ct
P
o
o]
o
2
C
o2}
o
)
-
[of]

Staging and SECO were smoothly executed wi
The Vernier engines were biased correctly to 46° at the proper time, Jjust
after booster separation.

For the Centaur missions, the Atlas displacement gyro put-outs are
lérounded after BECO and the vehicle attitude is determined by guidance
received from the second stage. Therefore, the displacement gyros are
useful during the sustainer portion of the flight only to determine the
manner in which the vehicle responds to the guidance signals.

Torquer amplifier outputs are not monitored during flight; therefore,
it is not possible to determine the correctness of the pitch program,
except by trajectory tracking.

Missile Electrical (146D) Commentary

The missile electrical, both d-c and a-c systems, functioned satis-
factorily. The inverter (Atlas) was adjusted to 402 cps rather than the
usual 400 cps. This adjustment was necessary to eliminate the possibility
of intermodulation with the Centaur inverter. The adjustment was well
within the tolerance of 406 cps and did not affect the mission.

Due to bad data, the electrical measurements prior to BECO could not
be obtained. The measurements after BECO were taken from the GBI data

charts.
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‘Propulsion System

The operation of the propulsion system was satisfactory. All vehicle
subengines achieved ignition stage, transition stage, and mainstage in the
normal manner. Flight and shutdown behavior of each engine was also satis-
factory. Section 11 compares inflight telemetry data with design nominal
values. No anomolies were noted.

Pneumatic System

Performance of the airborne pneumatic system was satisfactory in that
all required tank pressures, and control functions were properly supplied.
No anomolies were noted. Section 11 compares inflight telemetry data with
regulator design ranges.

Propellant Utilization - Flight Data

The P/ﬁ é&stem performance was satisfactory.

1. The P/U fuel valve satisfactorily responded to the EDO signal.

2. The sustainer portion of flight was charascterized by an indicated
LOX rich condition. This condition has been experienced on recent Atlas
flights. *

3. The sustainer portion of flight was also characterized by a
cyclic EDO signal (roughtly 1 cps) which indicates that possible pro-
pellant sloshing existed.

4. The P/U valve angle lower limit stop was reached and maintained
throughout the sustainer portion of flight which indicates a 15 percent
fuel lean.LOX rich mixture ratio condition existed.

Range Safety Command System
Performance of the Range Safety Command (RSC) was satisfactory.

. Signal strength at RSC number 1 receiver as indicated by receiver
A-3




number 1 AGC voltage measurement (D7V) was adequate to provide command
capability throughout the powered phase:of flight.
Azusa
Signal strength as received by the A/B receiver per measurement Z3E

was maintained at a high level throughout powered flight. .The minimum
level experienced was 58.9 dbm which is well above the threshold level

of 110 dbm.

S~

Telemetry

Signal strength data is not available; however, it can be con-
sidered satisfactory since none of the telemetry station's decommuta-
tors lost lock. All commutator repetition rates and subcarrier oscilla-
tor frequency deviations were within tolerance. All inflight calibra-
tions on continuous channels were within specifications indicating that
the respective SCO's were also within specification limits.

Hydraulic- System

Hydraulic system performance was satisfactory. Some of the data re-

corded is suspect due to recording or telemetry pfoblems (ref. Section 11).
FLIGHT CONTROL SYSTEM

Flight Data Time/Event Summary

Event GMT Z Sec
Lift-off 14-25 - 2.95 0
MAX Q Approx. 14-26--32.50 | +90
BECO 14-27 - 31.65'|+149.1
Booster Jettison 14-27 - 34.30 | +151.75
SECO/VECO 14-28 - 46.85 | +224.3
Atlas/Centaur Separation |14-28 - 49.25 | +226.7

Roll program, normal.

Pitch program, normal.




Vehicle Altitude and Rates at Specific Events

Pitch Yaw Roll
Dis- Rate -Dis-~ Rate Dis- Rate
placement gyro placement gyro placement gyro
gyro gyTro gyro
Before BECO -0.09° -1.179/sec | +0.5° Negative | -0.33° |-2.39/sec
After BECO +0.300  |-0.94%/sec| +1.09° |Negative| +0.74° [+0.49°%/sec
Before SECO Off scale [-0.94%/sec| +1.61° |Negative| Negative Negative
After SECO Off scale -O.94°/sec +1.61° |Negative| Negative Negative
Before Atlas/ |Off scale |-0.94%/sec| +1.61° |Negative Negative |Negative
Centaur sep-
aration
At Atlas/ Off scale -O.94°/sec +1.61° |Negative Negative|Negative
Centaur sep-~
aration
Missile Electric-System Flight Data
T-50 Transfer |Lift-off | BECO|SECO/ [Booster sep-| Atlas/
VECO |..gration, Centaur
shroud sep- |[separa-
aration tion
1. Vehicle No data [No datas (No data | 31.4| 31.4 31l.4 31.35
d-c Bus VDC | avail-] avail- | symdl-
able able able ‘
2. Inverter |No data|No data |No data [403.6|403.6 403.6 403.6
frequency, | avail-| avail- | avail-
cps able able able
3. Phase A No data{No data |No data [114.1[114.1 114.1 114.1
Voltage VAC| avail-| avail- | avail-
able able able
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Propulsion System Flight Data

Parameter Design
nominalJ
B-1 chamber pressure, psia 546
B-2 chamber pressure, psia 546
Booster gas generator chamber 475
pressure, psia ;
B-1 pump speed, rpm 6,084
B-2 pump speed, rpm 6,060
Sustainer chamber pressure, psia 706
'Sustainer gas generator discharge 664
pressure, psia
Sustainer pump speed, rpm 10,137
V-1 chamber pressure, pump feed, psia 358
V-2 chamber pressure, pump feed, psia 358

S —

BECO SECO | VECO
547 | ==-=-- ---
541 | ~-=m-- ---
480 | -----= ---

U -

5,950 | ~=ueu- | ===
6,190 | === ---
679 669 | ---
648 648 | ---
10,060 | 10,160 | ---
358 354 | 354
362 358 | 358

Propellant utilization system telemetered data was recorded from

time T-77 sec to T+458 sec.

The following P/U measurements were made:

P529D H.S. sust. main LOX valve, degree (92.66° to -3.86°); P830D P/U

sust. fuel valve, degree (78.80° to -30.80°); U91V error ratio demod.

output, VDC (-20.20 to 21.28 VDC//O to 100 percent IBW calibration).

Propellant Utilization

System Flight Data

X Measurement L/O + 10 |BECO - 1 |BECO + 10 |SECO - 1 |Nominal
U91V (EDO) -1 +3 +7 +9 0
PS29D (H.S. LOX) 46° 440 50° 490 None
P830D (P/U fuel) 22° 200 20° 21° *

*Rocketdyne values.
Nominal, 26.7 * O.
Upper limit, 37.4

50,
+ 0.5°.
Lower limit, 21.6 + 0.5°




Pneumatic System Flight Data

Parameter Regulator Liftoff |BECO |SECO
design range,
flight

LOX tank ullage 28.5 - 31.0 30. 3 32.1 |32.6
pressure, psig

Fuel tank ullage | 57.0 - 59.9 59.3 59.4 |52.4
pressure, psig

Hydraulic system telemetered data was recorded from time -77.0 seconds
to +458 seconds. Hydraulic system performance was satisfactory with excep-

tiohs noted.* The following hydraulic measurements were made:

Hydraulic System - Flight Data 1 .
Measure-| After Peak |Lift-| BECO SECO VECO Nominal
ment oil |[pressure]|off, time, time, time, liftoff
evacug-|prior to|psia | 149.0 224.2 224.2 to
tion, [1liftoff, seconds, | seconds, | seconds,| SECO
psisa psia psia psia psia

H140P 1980~ 3330 3120 | 3040 3040 3040 2950 min.
- 3150 max. |
H130P 2000%* 3280 [3070 | 3000 3500€ 35000 2850 min.
3150 max. |
H3P ~ 140" 3260 |3060 | 3000 mm——— —~——— 2950 min. |
‘ 3150 max.
H33P 1980 3320 3050 | 3050 ————— ————— 2950 min.
' L 3150 max.
HBO01P 83 83 83 83 83 83 65 min.
78 max.
HZ224P 74 74 74 74 ———— ———— 65 min.
78 max.

HI40P Sustainer/Vernier hyd. pressure (Calibration O to 3546.0 psi).
H130P Sustainer hyd. pump discharge (Calibration 3 to 3566 psi).

H3P Booster hyd. pump discharge (Calibration -6 to 3551 psi).

H33P Bl Engine hyd. accumulator (Calibration 4 to 3553 psi).

HE01P Sustainer hyd. return line (Calibration -2.9 to 609.6 psi).

H224P Booster hyd. system return pressure (Calibration 1.2 to 610.2 psi)

In general the data is suspect to recording or telemetry problems.




Remarks:
H140 - Decayed abruptly after SECO to 285 psia in approximately 4.8 seconds.

(Normal Agena accumulator bottoms out at approximately 900 psia.)
H130 - *This measurement should be "O" at this time.

ORerun shows these readings to be normal after booster separation

at 3000 psia. First run would indicate instrument malfunction.

H3P ~ *This measurement should be "O". Indicates instrument malfunction.
H33P - Trace of this measurement very ragged but typical of this transducer.

H601 - Measurement S psia over nominal.

RSC Flight Data

RSC Number 1 Received AGC Quantitative Readouts

Time Reading
Liftoff 188.2u volts
BECO 188.2u volts
SECO 158.8u volts
Atlas Agena Separation 158.8u volts

All of the above readouts are well above the Su volt threshold level.

Azusa Flight Data

Azusa CF3E X ponder (RF input/AGC) Quantitative readouts

Time Reading
Liftoff ~50 DBM
BECO -50 DBM
SECO ~54.4 DBM
Atlas-Centaur Separation -58.9 DBM

All of the above readouts are well above the =110 DBM threshold level.
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AQS
A/P
BECO
BET
BPS
CATE
cg
DA
dbm
EST

ETR

P+
gal
GBI

GD/A

APPENDIX B

ABBREVIATIONS
Atlas Centaur
alternating current
automatic gain control
aluminum
Antigua
antenns
acquisition of signal
autopllot
booster engine cutoff
best estimate of trajectory
boost pump start
Cape Kennedy
center of gravity
double amplitude
decibels above 1 milliwatt
eastern standard time
eastern test range
refers to days prior to launch day
refers to days after launch day
U.S. gallon
Grand Bahama Island
General Dynamics - Astronautics

gas generator



GLOTRACK global tracking

GMT
GNo
Hp 02
He

IAT
IGS
LH,
ILHe
1LOS

LOoX

MECO

MES

Nnoz
NPSH
NPSp
OSH
PAFB
PCA
PETN

psia

Greenwich mean time
gaseous nitrogen

hydrogen peroxide

helium

initial acceptahce test
inertial guidance system
liquid hydrogen

liquid helium

loss of signal

liquid oxygen

milliamps

megacycles

main engine cutoff

main engine starf

mean square

milliwatts

nézzle box

net positive suction head
net positive suction pressure
off scale high

fatrick Air Force Base
point of closest approach
type of explosive

pounds per square inch absolute
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P/S prestart

psi pounds per square inch
p-p peak to peak

PSD power spectral density
PU propellant utilization
Q quadrant

QUAD quadrant

RCVR» receiver

RF radio frequency

rms root mean square

rpm revolutions per minute
S.A. single amplitude

SANSAL San Salvadore

SAO Smithsonian Astronomical Observatory

SCF standard cubic feet

SECO sustainer engine cutoff

SLV Space Launch Vehlcle

S/N signal'to noise ratio

Sta station

STL Space Technology Laboratories

TCA temperature control amplifiers

Tel Telemetry

T- refers to time prior to launch (2 in. motion)
T+ refers to time after launch (2 in. motion)
TRW Thompson Ramo Wooldridge

VECO Vernier engine cutoff

VAC volts a.c.



